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INTRODUCTION 
The Howick Extension Area is 742 square miles in extent and 
incorporates both the Lions River and Mooi River Valleyl soil 
(i) 
conservation districts (Map 1). The Area, situated within the Natal 
Midlands, has immense potential for intensive agriculture, forestry 
and other uses. However, in the course of his extension duties, the 
writer soon became aware of several inherent limitations that had a 
profound influence on farming practice. Most of these were associated 
with the soil resources. Many abortive attempts to produce high 
yielding crops and pastures were the result of extreme acidity and low 
plant nutrient status. In the drier parts, unfavourable physical 
characteristics of the soils such as droughtiness, waterlogging and high 
erosion hazard gave rise to problems of particular importance. At 
that time very little was known of the soils in the Area and, even less, 
of their influence on land-use practice. 
Furthermore t experience in the Area had indicated that a purely 
'physical' approach to farm planning was futile. It was clear that if 
the conservation campaign was to reach its ultimate goal, greater emphasis 
would have to be placed on 'planned farming'. The needs of the farming 
community were such that extension activities had to be directed to 
those matters relating to farm production and management. To meet these 
needs soil survey procedures (preferably with pedological significance) 
had to be introduced into the farm planning exercise. In effect, 
something had to be done to prevent 'planning' becoming a 'faceless' 
word (Phillips, 1966). 
These then were the problems that stimulated the writer's interest 
in this field of study and led finally to a survey of the soil resources. 
Early attempts at surveying were primitive - a simple recording of red 
soils, brown soils and 'viei' soils. Eventually the survey, based on 
· 1 Prior to boundary adjustment in 1966 
(ii) 
modern procedures, was completed with the assistance of Mr. R. Ludorf, 
soil scientist at Cedara (Ludorf & Scotney, 1965). The resulting 
information. including a soil map produced at a contact scale of 
1:50,000, forms the basis of this ~issertation. . It provides not 
only a sound basis for planning land· use and research but also a 
powerful extension 'tool' for use by field officers. 
The writer's prime interest, however, extends beyond the permanent 
record or inventory of soils. It lies mainly in the assessment and 
interpretation of the data for land-use planning. Ensuring that maximum 
use would be made of the hard won facts was a challenge that had to be 
accepted. Vink (1963) provides clear illustration of this point in his 
statement that "the surveyor who produces only a beautiful soil map to 
hang on the wall is doing something which is just as expensive as the 
buying of an old masterpiece". The surveyor should make clear to those 
that follow, the significance of his data. Interpretation is thus an 
important objective of this endeavour. 
According to Thomas (1960) growing populations and the corresponding 
rise in land pressure gives timely warning of the need for planned land-
use on the basis of rational selection. The presence of much denuded 
and severely eroded land, not only in the Area but also throughout the 
Republic, bears witness to the inadequacy of traditional methods for 
selecting land for agricultural use. Land classification is widely 
accepted as the starting point in land-use planning (Jacks, 1946). It 
is seen as a valuable means of directing agricultural endeavour to land 
of highest potential and preventing over-exploitation of marginal land. 
Thu~ the classification of land can contribute much to the conservation 
of natural resources. 
than soil classification. 
It is, however, less complete and detailed 
Land-use planning requires that consideration be given to all 
natural features of the environment, not only soils. For this reason, 
all other natural features of the Area together with important economic 
factors were studied in detail. In presenting this information and 
(iii) 
discussing its influence on agricultural development the writer has 
relied heavily on the ecological approach to land-use planning and has 
taken many related princi ples into consideration (Graham, 1944; 
Phillips, 1959; Hills, 1961). 
Three parts are presented. The first deals specifically with the 
soil resources of the Area, their assessment and interpretation and 
several studies designed to aid the assessments. Detailed descriptions 
of each soil series are, however, purposely omitted. The second 
provides an account of all other factors affecting land· use and the 
interrelationships between them. Finally, attention is given to land 
classification and land-use planning as they apply to the Area as a whole 
and to individual farms. 
Throughout this work an attempt is made to present principles and, 
in places, procedures that are basic to sound land-use planning. These 
are i ntended for those engaged in this field of activity. It is also 
hoped that the information will be of direct benefit to the farmers 
themselves. Much of the discussion is perforce subjective and , as a 
result, the writer is open to criticism. However , it is essential that 
a start be made to record all availabl e soils information, no matter how 
meagre. It is hoped that others wil l follow and provide the necessary 
factual data. If, in' t i me, this endeavour results in improved farming 
practice and conservation in the Area the writer will be more than 
satisfied. 
In the Natal Region recent developments in pedology have had a 
considerable impact on all spheres of agricultural activity. These 
have done much to expand the outlook of extension officers, research 
workers and farmers. A similar experience in Rhodesia was attributed 
to "eyes being opened to secrets lying unsuspected beneath their feet on 
many a problem field" (Thomas, 1960) . Added interest has followed 
pUblication of the "Soils of the Tugela Basin" by J.J. van der Eyk , 
C.N. MacVicar and J.N. de Villiers (1969). For obvious reasons~ every 
effort has been made to relate the soil series described in this 
dissertation to those of the major reference work. Throughout the 
text 'operative' soil series names are given in capital letters. 
Names , which in terms of the Tugela Basin report are now 'redundant', 
are given in lower-case letters. A complete check list of operative 
(iv) 
and redundant series names is presented in Appendix 1. Since much of 
the study was completed prior to metrication South African units that 
were then in use appear in some tables and diagrams. 
conversion tables are given in Appendix 18. 
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PART 1 
SOILS: THEIR ASSESSMENT AND INTERPRETATION 
CHAPTER 1 
SOIL RESOURCES OF THE AREA 
1.1 Soil survey 
The soil survey of the Area was conducted at a time when South 
Africa was experiencing a phenomenal upsurge in pedological interest. 
Prior to 1958 the progress in soil classification was relatively slow 
although surveys had been completed for parts of the sugar belt and 
several irrigation projects (MacVicar, Loxton and van der Eyk, 1965). 
Modern techniques were used to survey the soil resources of the Area 
and the 'soil series' concept was accepted as sound. Many workers 
1 
have stressed the value of soil series for practical use in agriculture 
and numerous studies have confirmed their importance (Clarke, 1951; 
Kellog, 1951; Soil Survey Staff, 1951; Odell, 1958; Rennie & Clayton, 
1958; Murdoch, 1961, 1965; Riecken, 1962; Ball, 1965; Hill, 1965; Loxton 
& MacVicar, 1965; Orchard, 1965; Cunningham & Wells, 1966; Glover, 
1967). 
Despite the general support for this concept, Stamp (1959), 
Butler (1964) and Northcote (1964) questioned its soundness since few 
good correlations between soil series and production levels had been 
established and many of the studies were indecisive. Although such 
argument may hold where fertility of the topsoil is the main concern, 
the writer contends that the soil series is of the utmost importance 
where erosion hazard and other physical attributes influence land-use 
planning. 
An account of the classification, description and distribution 
of the soils is given in this section. No attempt is made to discuss 
2 
soil formation since much relevant information has already been presented 
by de Vil'liers (1962), MacVicar (1962), Roberts (1964) and van Rooyen 
(1964). 
1) Objectives of the survey 
Soil surveys have many uses and benefits and may serve many people 
(Hockensmith, 1958; Klingebiel, 1963). Robinson (1951) considered that 
the best service the surveyor can render the would-be planner is to 
provide an accurate soil map with clear explanations of its signifi cance. 
Since each kind of soil has its own set of characteristics, data should 
be provided for grouping soils according to those properties important to 
soil use. Soil surveys can also be of particular value for research. 
According to Kellog (1951), soils accurately defined and named in a 
standard system of classification are the only reliable bases yet found 
for selecting samples of soil and landscape for experimental study. 
The objectives of the survey were to provide: 
(a) a permanent record, or inventory, of the soil resources of the 
Area that would permit efficient planning of the agricultural 
land; 
(b) the basic data for the accurate assessment and interpretation 
of the soils in terms of their potential, limitations and 
management needs; 
(c) a means for planning research projects and to indicate important 
'bench mark' soils requiring intensive study; 
(d) a link between research and individual farm fields; and 
(e) the basis for teaching non-specialists about the soils and, i n 
so doing, provide a valuable extension tool. 
2) Methods 
The procedures and terminology adopted for the survey are fully 
described in the Soil Survey Manual (Soil Survey Staff, 1951). They are 
similar to those used by MacVicar (1962) and van der Eyk et ale (1969) . 
Soil colours were recorded in terms of the Munsell Soil Colour Charts 
(1954). 
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(i) Field procedure§ 
The project commenced with a reconnaissance survey of the entire 
Area during which over 400 soil profiles were described in detail. In 
addition, numerous augerings were made to permit a thorough appreciation 
of the entire range of soils and their locations. For this purpose 
the Eykelkamp auger proved most efficient, especially in highly leached 
soils. Based on the initial investigation? 91 'type' profile pits 
were sited. These were carefully described and sampled for chemical, 
mechanical and clay mineralogical determinations. The descriptions and 
supporting analytical data provided the basis for defining the soil 
series and phases. Mapping units comprising soil associations were 
then established. Several soil phases and miscellaneous land types 
considered significant for land-use purposes were mapped separately. 
Photo mosaics constructed by the Department of Land Survey at the 
Univer~ity of Natal were used for the mapping exercise. A spare set of 
aerial photographs was used for stereoscopic study and to finalize the 
field-drawn soil and land type boundaries. In this exercise the Casella 
pocket stereoscope proved most useful. At the time of the survey, two 
sets of air photo coverage were available. One at a contact scale of 
1:20,000 and dated 1944 covered the entire Area while the other, at 
1:36,000 and dated 1959, covered only the Lions River district. The 
lack of up to date coverage of suitable scale and quality complicated 
the compilation of the map. High quality aerial photography is of 
inestimable value for soil surveys and map production (Soil Survey Staff, 
1951; Stephens~ 1953; Buringh , 1954). 
Prior to the mapping phase, a small 'key' area near Hawick was 
chosen for training a team of post-graduate students who mapped a large 
part of the Area. Within this area a further 150 profile pits were 
sited and described. In this way the survey team became acquainted with 
the entire range of soils and their pattern of distribution. The value 
of 'key' areas in soil survey procedures was stressed by Robinson (1951) 
and MacVicar (1962) and has been adequately demonstrated in the Tugela 
Basin s urvey. 
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Soil and land type boundaries ~ established by auger traverses and 
air-photointerpretation ~ and other relevant information such as streams , 
communications and townships , were marked on the mosaics. This 
information was then transferred to individual photographs which were 
checked and edge-matched. The photographs were later dispatched to the 
Department of Land Survey where the soil map was compiled at an exact 
scale of 1:50,000. The map was again checked prior to the final drafting. 
Funds for the production of the soil map were provided by the Natal Town 
and Regional Planning Commission . A portion of the Mooi River Valley 
district, situated to the north~east of the town 9 was mapped by van der 
Eyk et a1. (1969) at a scale of 1:100~000. These boundaries had first 
to be transferred from the uncontrolled mosaics to accurate 1:18,000 topo-
cadastral series maps and thence to the 1:50~000 map. 
was achieved in this way. 
(ii) Laboratory methods 
Greater accuracy 
Accurate soil series definitions require criteria other than 
morphological characteristics. For this reason , samples collected from 
the 'type l pits were transported in air~tight polythene bags to . the 
laboratory at Cedara for detailed analyses. These samples were air dried, 
sieved to 2mm, lmm and 90 mesh fractions and ' the hydroscopic moisture 
determined by drying for two hours at a temperature of l350 C. Mechanical 
analyses were then undertaken and textural classes designated according to 
the modified chart drawn up by Loxton (1961). 




containing more than 35% 
containing less than 35% 
but less than 65% sand 




Finally~ chemical and clay mineralogical properties were investigated. The 
former included soil reaction (pH), total exchange capacity and the content 
of nitrogen, organic carbon and exchangeable cations. Details of the 
laboratory methods and the results obtained for many individual profiles 
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were presented by Chan non (1962) and Ludorf and Scotney (1965). Channon 
also correlated chemical analyses with parent materials , altitude and 
climatic conditions. 
1.2 Soil map and legend 
The soil map comprises nine hand coloured sheets at a scale of 
1:50,000. The location and numbering of the individual sheets are 
indicated on the map folder. However, to permit an overall appreciati on 
of the soil resources and to indicate patterns of soil distribution 9 a 
composite 1:250,000 map (Map 2) was compiled by photographic reducti on. 
This map also facilitates a comparison between soils and other natural 
features of the Area. 
Despite its many advantages, the soil map does not obviate the 
need for detailed soil investigation at the farm level since ~ at a scale 
of 1:50,000, one square inch represents an area of approximately 400 
acres. The soil map does , however, indicate those soils likely to occur 
on the farm and, in so doing, simplifies the planning procedure. Although 
the map suggests sharply defined soil boundaries , they seldom occur unless 
coincident with abrupt changes in climate, topography or parent material. 
They are largely arbitrary and at best can provide an approximation 
(Robinson , 1951). 
According to van der Eyk et ale (1969) a soil map should delineate 
areas of soil- that are meaningful in terms of the objectives of the 
survey. This principle was followed in creating the mapping units which 
comprises 18 soil associations, five soil phases and three miscellaneous 
land types. Soil associations are named after the most important soil 
series comprising -them and are indicated by capital letters and ar abic 
numbers e.g. AI, 82, Cl, etc. Subscript lower-case letters denote the 
soil phases. These include a humic phase (h - organic carbon > 5%) 9 a 
shallow phase (0 - depth of 10'; to 20"), a slope phase (s - > 8% slope) 
and sheet (x) and gully (y) erosion phases. The erosion phases include 
land which, by stringent conservation measures ~ can be reverted once more 
29'38 _ _ 
LIONS RIVER & MOOI RIVER VALLEY SOIL CONS . 
DISTRICTS 
MAP NO. 2 
SOILS 
SCALE 1: 250000 
KEY 
SOl L ASSOCIATIONS 
HIGHLY LEACHED LANDSCAPES 
8almoral- Farningham 
Broadmoor- Hutton 
Farmhlll- Grlffln - Clovelly 
Cleveland- Oatsdale 
Katsprult - Oell 
V I my - Shortlands 
Jagersdrlft 
Loskop - Rooikop 
Bergvllle - Avalon- Southwold 
Avalon- Glencoe-Kltpfonteln 







.6 I Glencoe - KllpfonlelO 
Winterton - Albany 
IH1 I Emmaus- Killarny- Matlwane 
SLIGHTLY LEACHED LAND-
SCAPES 
• Es tcourt - Bluebank '.,1 Arcadia- Pepworth- Ladysmith 
~ Rensburg- Ladysmlth- Estcourt 
IN ALL LANDSCAPES 
River Alluvium 
Hilly Steep and/or Stony Land 
Indigenous Podocarpus Forests 
L,thol,c SOils (. 10") 















to a productive state. The miscellaneous land types include steep and/ 
or rocky land, (M) generally regarded as non- arable , i ndigenous Podoca r pus 
forests (MF) and litholic soils (R) of less than 10 inches deep. 
1.3 Physiographic classification of the soils 
Farmers have long recognized different kinds of soil through bitter 
experience. Many terms expressing crop suitabi lity and soil conditions 
indicate' the long-felt need for a system of classification. By this means 
a farmer can apply to a particular soil , the ideas and experiences of 
others. Thus, Riecken (1962) considered that one of the main functions 
of soil classification was to serve as a basis for applying technology to 
farming. He concluded that the lowest category in the system (soil 
series) was the most useful. 
- . 
Classification brings order into the study of the soil mantle or 
'continuum of variation' (van der Eyk et al., 1969). By establishing 
classes that subdivide the existing range of variation in soil conditions , 
an otherwise incomprehensible mass of data is simplified and made easy to 
remember. Classification also provides a framework by which the position 
of an individual soil in the whole spectrum of known classes can be 
established. For practical purposes an arbitrary limit to soil depth is 
set at 48 inches. 
The physiographic classification presented here is similar to t hat 
originally developed by van der Eyk (1965b). By giving attention to the 
geographic distribution of soils ,the classification was designed to serve 
as a soil mapping legend that would best meet t he immediate needs. 
It is not offered as an alternative to the soil series - soil form 
approach adopted by van der Eyk et ale (1969) or to a taxonomic system 
such as the 7th Approximation (Soil Survey Staf f , 1960). The soils of 
the Area have been related to those of the Tugela Basin by indicating the 
relevant soil forms in Table 2 and Appendix 1. Although no attempt is 
made to establish the relation between the soils of the Area and those of 
the American (Soil Survey Staff, 1960) and S.P ~ l. sys t ems (O'Hoore, 1964) , 
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this was done for some Natal soils by de Villiers (1962) and van der Eyk 
(1965a). 
Many important morphological and chemical soil properties provide 
the criteria for determining the categories of the classification system. 
Although single criteria such as texture and base status are important 
differentiae at the series level, due regard should be given to the 
principle of covariance. As explained by van der Eyk et ale (1969)1 
covariance applies equally well to individual morphological properties 
as it does among morphological and chemical properties, colour excepted. 
Climate has an overriding influence on the formation and 
distribution of soils within the Area and, since climate itself is 
strongly influenced by local physiography, the system used is termed a 
physiographic classification. Because of the importance of climate as 
a factor of soil formation much attention is given to the extent to which 
the upland soils have been leached by natural processes. Degree of 
leaching not only reflects broad genetic relationships between soils and 
the direction of their development, but also has important p~actical 
implications. Clear definition of the terms used in this text is thus 
necessary. 
1) Definition of the degrees of leaching 
The degree to which the upland soils have been leached is 
essentially a chemical characteristic and is indicated by the base status 
of the B-horizon. Table 1 shows the five main categories defined and 
the relevant chemical criteria of each group. 
Highly leached soils are associated with intense weathering, rapi d 
removal of soluble products and a very low base status. The clay fraction 
consists mainly of kaolinite, halloysite and halloysitic allophane although 
even these may be lost (van der Eyk et al. , 1969). According to van der 
Eyk (1965a) the increase in free iron (Fe 203) with depth, espe~ialiy in 
the 'yellow-over-red' profiles, also points to the current illuviation of 
iron. Characteristically, clay minerals of the B-horizon have a low , pH-






Degrees of leaching in upland soils, in terms of 
chemical properties of the B-horizon (van der 
Eyk9 1965b) 
Total 
extractable Base saturation Reaction 
bases (%) pH 
(me%) 
less than 1.5 less than 20 below 5.5 
Considerably 
1.5 - 5.0 20 - 50 5.0 - 6.0 leached 
Moderately 5.0 - 15 50 - 90 5.5 - 7.0 leached 
Slightly 
10 - 30 80 - 100 7.0 - 8.0 leached 
Hardly 
15 - 30 
100 
above 8.0 leached (+ free salts) 
aluminium compounds released by weathering are relatively immobile and 
tend to accumulate residually. Applied soluble phosphate is thus 
immobilized to a marked extent in many of these soils. The problem of 
AI-toxicity is equally important. 
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Covariant with the chemical features are characteristic morpholog-
ical properties. The soils are generally deep, friable and well-drained 
but lack visible macro-structure (i.e. apedal). The rapid permeability 
and high porosity of red soils is ascribed to a micro-aggregating effect 
of coatings of oxides of Fe and Al on primary soil particles, the absence 
of 2:1 lattice clays ' and the presence of materials that do not favour 
orientated packing (van dar Eyk at al. , 1969). Nevertheless, some 
soils of this group are less 'open'. A high (3 - 6%) content of organic 
carbon in the topsoil is also a characteristic feature of these soils. 
In the considerably leached soils the weathering process has been 
somewhat restricted, resulting in a slightly higher base status. Although 
structural development may be slightly improved, apedal B-horizons 
predominate. A noticeable feature of some of these soils is the presence 
of contemporary iron-manganese concretions which represent an accumulation 
of sesquioxides due to hydromorphi c i nfluence. In this case, periods of 
9 
water surplus alternate with those of near defiency. 
With drier conditions the leaching process is interrupted to a 
gr eater extent and moderately leached soils predominata. Weathering 
has generally progressed to the stage of appreciable, but not complete, 
breakdown of primary mineral~. As a result expandible 2:1 lattice 
clays are common and these, in turn, generate structure when the soils 
dry out (van der Eyk et al., 1969). Strong structural development is 
thus one of the most important morphological characteristics of this 
group. 
Other features covariant with the high base status include hydro-
morphic segregation of iron oxides, especially among soils derived from 
Karroo shale and sandston~, cont~mporary iron-manganese ~bncretion~, 
ferruginous hardpans (hard plinthite) and a low content of organic carbon. 
Hydromorphism .is the result of waterlogging in summer and droughty 
conditions in winter. Strong mottling and concretions are indicative 
of these conditions. The red soils of this group are reputed to have a 
relatively low capacity for phosphate fixation since the free iron oxides 
are highly crystalline .{van der Eyk et al., 1969). 
Slightly leached soils occur in the~driest parts of the Area. 
They are generally fully saturated and lime concretions are especia11y 
common in the lower slope position. Appreciable amounts of exchangeable 
sodium may be present in the duplex or claypan soils : The clay fraction 
i s also dominated by montmorillinite with the result that many soils . 
r eveal a high swell-shrink potential. Strong blocky and prismatic 
structure is common. Typical diagnostic horizons include vertic and 
melanic A-horizons (margalitic soils) 'and prismatic textural and cutanic 
B-horizons. Dar~ coloured clay skins~ the re~ult of appr~ciable clay 
illuviation, are also common. Soils with vertic A- horizons occur mostly 
in the bottomland position where there is an abundant supply of soluble 
> 
silica and divalent bases. Self-mulching properties and slickensides 
are exhibited by these soils·. Superficial leaching in the duplex soils 
(e.g. ESTCOURT series) gives rise to slightly acid conditions in the 
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topsoil (van der Eyk, 1965a). 
Hardly leached soils are not widespread in the Area but may occur 
under very hot and dry conditions. Since near drought conditions are 
seldom relieved the weathering process is severely retarded. The soils 
are often fully saturated with free salts present throughout the profile. 
A high degree of structural development is associated with this group. 
The term 'partially leached', as used in this dissertation l 
refers to all groups other than the highly leached soils. Landscape 
position may, however, also influence base status. For example, 
bottomland soils associated with highly leached upland soils usually 
have a high base status. Even soils adjoining the bottomlands (lower 
slope) have been found with a higher base status than is normally 
expected (i.e. over 1.5 me%). 
The influence of lime and fertilizer application on the chemical 
composition of the 8-horizon, and hence classification, though not 
investigated in this study, warrants further attention. 
2) C2tegor~f ' tQe cl~ssification and miscellaneous land types 
The categories or classes into which the soils are assembled 
include, in descending order, landscape groups, landscape position, major 
soil groups, soil associations and soil series. Soil phases and 
miscellaneous land types are used to meet practical needs. 
(i) Landscape groups 
The influence of physiographic-climatic features on the pattern 
of soil distribution provides a basis for defining three main landscape 
groups. These are qualified in terms of degree of leaching of the 
upland soils. The complex pattern of soil distribution brought about 
by many small variations in local climate, makes it necessary to define 
the landscape groups in rather general terms i.e. a wide range in 
degree of leaching. In the Lions River district, however, detailed 
climatic and pedological data make it possibl e to define the landscape 
groups with greater accuracy. The groups , which differ slightly from 
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those defined by van der Eyk (1965b), include the following: 
Group I Landscapes characterized by highly leached soils 
In this group, the water balance provides a large moisture 
surplus during the rainy season and, in terms of Thornthwaite's (1948) 
method, has a moisture index in excess of 20. Since moisture utilization 
never exceeds the total storage capacity of the soils they remain moist 
throughout the dry season. A high degree of leaching is thus attained. 
In general, the climate is humid and mild to cool with an annual rainfall 
exceeding 900 mm (1 35 inches). This group includes the Highland Sour-
veld and Midlands Mistbelt areas (Pentz, 1949). 
Group II - Landscapes characterized by considerably to moderately 
leached soils 
The climate of this group varies from moist sub-humid and 
mild to slightly dry or dry sub-humid and cool. The annual rainfall is 
mostly between 750 and 900 mm and the moisture index lies between -5 and 
+20 (Thornthwaite, 1948). The vegetation comprises ecotonal grasslands 
and moist transitional Tall Grass Veld. In the moister parts ~ although 
water need exceeds precipitation, deficiency is seldom reached (i.e. 
moisture index of +5 to +20). In the dri est parts, soil moisture 
reserves are exhausted during the dry season but the period of moisture 
deficiency is generally short (i.e. moisture index of ~5 to +5). 
Despite the somewhat droughty conditions, these landscapes are not 
sufficiently dry to induce the formation of margalitic or claypan soils. 
Group III - Landscapes characterized by moderately to slightly 
leached soils 
A dry to very dry sub-humid and mild to very warm climate 
prevails in these landscapes. The annual rainfall is usually less 
than 750 mm and the moisture index is mostly between -15 and -5 
(Thornthwaite, 1948). Soil moisture is never fully charged during 
the rainy period and there is a prolonged period of moisture deficiency 
during the dry season. This group includes the dry Tall . Grass Veld and 
the Thornveld areas. Margalitic and claypan soils are particularly 
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common and, in fact, constitute important criteria for defining this 
group. 
(ii) Landscape position 
Topographic features within each landscape group influence soil 
formation markedly and provide a natural basis for grouping soils. Two 
easily recognized positions are defined viz. uplands and bottomlands: 
Uplands undulating, rolling or hilly, but sometimes nearly level 
areas stretching away from, and rising well above, the 
local drainage ways. 
Bottomlands - the level or nearly level areas along, and on a level 
with, the local drainage ways, receiving run-off and 
seepage water from adjacent uplands. 
~. Upland and bottomlands are the complementary portions of one and 
the same landscape (van der Eyk, 1965c). 
(iii) Major soil groups 
Major soil groups indicate essential trends in soil formation and 
broad genetic relationships between soils. Differentiating criteria 
for this category consist of the most striking morphological characteristics 
such as colour, structure, consistence, effect of iron oxide segregation, 
clay illuviation , lime accumulation, gleying and the degree of leaching. 
Ten major soil groups, designated by capital letters, are recognized. 
Si x comprise upland soils and four, bottomland soils (including river 
al luvium) . Neutral to alkaline bottomland soils (HI), associated with 
r ed (D) and grey-brown (E) partially leached upland soils, are separated 
from the margalitic and claypan bottomland soils (HII) of major groups F 
and G. This division is a departure from the major soil groups defined 
by van der Eyk (1965b). 
(iv) Soil associations 
The major soil groups each comprise a number of soil associations 
and form the actual mapping units. Soil associations comprise soils 
that are regularly associated in a particular landscape, have formed 
contemporarily under similar climatic-physiographic conditions and 
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usually originate from similar parent materials. The association is 
a conceptual unit representing a collection of concrete soil populations 
(van der Eyk , 1965b). Soil characteristics such as texture, stage of 
development and minor drainage effects provide the essential criteria for 
disti nguishing between the associations. 
bring together closely related soils. 
Associations may, or may not, 
A total of 14 upland and 4 bottomland associations are recognized 
i n the Area . Of these, the 02-, 03-, E6- and H2-associations are 
different from those established by van der Eyk et ale (1969). The E5-
associ ation, which includes soils with ferruginous hardpans, was mapped 
throughout the Area including the high rainfall areas. This association 
does not, therefore, differentiate between highly and partially leached 
soils. Although highly leached soils with hard plinthite are not common 
they do occur in the Karkloof area. 
(v) Soil series 
The soil series is "a collection of soil individuals essentially 
uniform in differentiating characteristics and arrangement of genetic 
hori zons" (Soil Survey Staff, 1960). They form the lowest and most 
important category of the classification. Each series has a limited 
r ange of properties and a homogeneity that permits effective advisory 
servi ces and well-planned research. A clear and concise explanation of 
the soil series is given by van der Eyk et ale (1969). 
The complex nature of soil forming factors within the Area is 
reflect ed i n the large number of upland (56) and bottomland (8) series 
that were recognized during the survey. A total of 15, 32 and 9 upland 
series occur in landscape groups I, II and III respectively. Approxi-
mately half the total number of series are of common occurrence. Ten 
of the series had not previously been encountered in the Tugela Basin 
( van der Eyk, 1965b). 
Phases of series were recognized to facilitate greater accuracy 
in the prediction of soil behaviour and management. For example, humic 
phase soils were recognized since they are associated with specific 
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problems and require special treatment. 
considered justified. 
Mapping this phase was thus 
(vi) Miscellaneous land types 
In addition to the categories already listed several miscellaneous 
land types were mapped. Aerial photography proved extremely useful 
for this purpose. A more detailed investigation of the land types 
could not be justified on account of their generally low agricultural 
potential. Hilly, steep and/or stony land (M) is the most important 
and widespread land type occurring throughout the Area. Satisfactory 
series identification within this land type is often made difficult by 
t he presence of much colluviated material and poor profile development. 
Palatability and carrying capacity of the natural sward varies considerably 
within this type. 
Very shallow or litholic soils (R) and the indigenous Podocarpus 
forests (MF) were also regarded as miscellaneous land types and mapped 
accordingly. A permanent record of the location and extent of the 
indigenous forest areas was also considered most desirable since they 
face extinction unless specially protected (Scotney, 1964). 
Table 2 summarizes the classification and inventory of soils in 
Howick Extension Area. It includes a complete list of the soil series 
and associations, and indicates the main differentiating criteria . and the 
relevant soil forms. Wher8 series names have become redundant, the 
operative names in capitals are shown immediately below. 
3) The need for r~finement 
The need to refine existing soils data to permit greater accuracy 
in the prediction of soil behaviour was stressed by Riecken (1962). 
Thus, the list of series should not be regarded as final. Further 
subdivision or grouping will be necessary as information is gained through 
experience • . 
refinement. 
Several examples are given to illustrate the need for 
Yellow-over-red and red highly leached soils often lose their 
r ~blu 2 J PhY$ioQraphic classification of soils In the Howick [ ~ ten5ion Area and guide to the main soil forms 
Ma jor soil qroup S"U association SoU form (!'lapping unit) 
I. Lands~a2e. cha[a~te[!zed b~ highl~ l!ache~ soils (S-value of 8-horizon less t han 1. 5 megllDDgl 
(1) UPLAND SOILS 
A Al HUTTON 
l Red, highly leached 80ils. 8almoral-f arningham 
Colour of apedal upper 8-horizon Clayey soUs 
of hues 5 YR, 2. 5 YR or 10 _R. Texture of 8-horizon : 
Clzy content > 35~ 




Te xture of B-horizon : 
Clay content 15-35% 
Sand • > SO% 
'8 Bl GRIH IN 
Yellowi sh-braun , highl y leached rarnhill-G£iffin-Clovell~ 
IOU •. 
Clayey soils 
Colour of yellow apedal upper B-
Texture of 8-horizon: horizon moetly of hue. 10 YR 
Clay content > 35~ with value, of 4 or more and 
Sand " < 5~ chromas of 5 or more or 10 YR 
4/4, or hue. of 1.5 YR with 
value, of 5 or more and chromes 
CLOV£LLY of 6 or more or 7.5 YR 4/4. 
Yellow apedal B never redder than 1.5 YR. 




loamy to sandy salls ClOVEllY 
Textun or 8-horizonl 









A2-2 HUTTo rJ 

















Clay content of u~per B-horizon > 5S~. Immediate subsoil colour 
usually hue of 2. YR. C-horizo~ of weathered dolerite. 
Clay content of upper 8-horizon 3S-SS~. Upper profile mostly 
drift material resulting in Al-horizon colour of hues 10 YR or 
1.5 YR. C-horizon of weathered dolerite. 
Clay content of upper 8-horizon 3S-SS~. rrequently overlies 
weathered shale with red colours less intense. 
Upper profile mostly of drift material with C-horizon of ueathered 
dolerite. 
Red colours usually less intense uhen overlying ueathared sand. tone 
Clar content of rellOw apedal B-horizon > 55~. C-h~rizon mostiy 
wea he red doleri e. 
Clay content of yellow apedal B-horizon 35-55~. C-norizon no.tly 
weathered dolerite. 
Clar content of yellow apedal B-horizon > 5S~. C-horizon mostly 
wea hered shale. 
Clar content of yellow apedal B-horizon 35-5S~. C-horizon mostly 
wea ha.ed shale. 
Cler content of yellow apedal B-hodzon > 55~. C-horizon of 
wea hared shale. 
~!:rh~~~~e~~a~~.yellOU apedal B-horizon 35-5S~. C-horizon or 
Clay content Of~-hOriZOn 35-55~. S-value of l~wer A-horizon 
mostly 1.5 me loog. C or R of highly, weathered ,hale. 
Clay content or yellow apedal B-horizon 1S-3S~. C-horizon mostly 
weathered sandstona. 
Taxture aa ror CLEVELAND. C-horizon or weathered sandstone. 
Clay content of A-horlzon 1S-3~. S-uelue or lower A-horizon , 






febl. 2 contd 
~ajor .oil group Soil association Soil form Soil series (Napping unit) 
(2) BDTTD~AND SOILS 
C Cl CHA~PAGr;E Cl-l IVANHOE 
Acid, hydromorphic soils includ- Katspruit-Oell O-horizon contains > 10% organic carbon 
ing A-C or O-A-C strongly Qleyed 18 inches or mo re. pH of upper G < 7.0. Cl-2 CHAMPAGl'IE 
profile •• Claye y to loany soils 
S-valu. of the G-horizon less KATSPRUIT Cl-3 KATSPRUIT 
than IS meq/lOOg. 
"atrix colours ~ith values 4 to pH of upper G < 7.0 
6 and chromes 0 to 1 for sub-
surfaca horizon. are diagnostic. 
Cl-4 [ mnaus 
(KATSPRUIT) 
fERtlWOOO Cl-S Dell (HARRIS) 
II. Landscapes characterized by considerably to moderately leached soils (S-value (B-horizo~ of cons iderably leached soils 1.S-S.0 meq/lOOg) 
(. • • moderately • • S.O-lS.Oneq/lOOg) 
(1) UP~ANO SOILS 
0 01 HUTTON 01-1 VIMV 
A.d, considerably to moderately Vimy-Shortlands 
hachad .oil •• 01-2 Weston 
Clayey aoils (OOVETON) 
Colour of upper e~b.oil of hues (excluding ~SINGA aeries) 
5 VR, 2.S VA or 10 A. 01-3 OOVETON 
Texture of B-horizon: 
Clay content > 35" 







O-horizon plastic. Clay content and pH of upper G-horizon usually 
over 35~ and less than 6.0 respectively. 
O-horizon friable. Clay and sand content of upper sub.oil usuall) 
< 2~ and > 5~ respectively. pH of G-norizon usually < 6.0. 
Organic carbon content of AI-horizon usually 2-S~. Clay and ~and 
content of upper G-horizon > 35~ and < S~ resp~ctively. pH of 
Al- and G-horizons usually 4.S-S.5 and< 6.0 re.pectively. S-value 
and base saturation percentage of G-horizon usually < 12 meq/lOOg 
and < 7S~ respectively. 
Texture similar to KATSPRUIT series but pH of G-norizon uS 'Jally 
exceeds 6.0. S-value and base saturation of G-horizon usually 
> 12 meq/lOOg and > 75~ respectively. 
Clay and sand content of G-horizon < 3S" and > 50" respectively. 
pH of G-norizon usually < 6.0. 
Clay content and S-value of upper B-horizon > SS" and 1.S-S.0 meq/ 
100g respectively. C-h~rizon mostly weathered dolerite. 
Clay content and S-value of upper B-horizon 35-SS" and 1.S-S.0 meq/ 
100g respectively. C-norizon mostly weathered dolerite. 
Clay content and 5-velue of upper B-horizon 35-SS" and 1.S-5.0 ~eq/ 
100g respectively. frequently overlies weathered shale. 
Clay contant and 5-value of upper B-horizon 15-35" and 1.S-5.0 meq/ 
100g respectively. Structure apedal or weak blocky. 
Clay content end 5-value of upper B-horizon > 55" and 1.5-S.0 meq/ 
100g respectively. 
Clay content ard S-va l ue of upper B-horizon > S5" anj > 5.0 meq/ 
100g respectively. 












hbl. 2 contd 
"'Jor .011 group Soil as.oci.tion SoU form SoU •• ri.s (I"APping unH) 
It. Lenp.cap. ch.r.ct.riz.d by con.id.rably to mod.rat.ly l.ach.d soils (S-v.lu. (B-horizon) of conald.rably l.achad soil. 1.5 -5.0 meq/lOOg) 
(" " "mod.rately " "5.0-15.0 meq/lOOg) 
(1) UPLAND SOI"S 
0 02 HUTTON 
Jagersdrift 
ClaY'~li~vt~rmr.:~!~:sOf the 
02-1 Jagarsdrif t 
(SHORROCKS) 
03 HUTTON 03-1 loskop 
LoSkop-Rooikop (OOVETON) 
Clay.y to loamy soils with 
r.rruginou. rottl •• and/or 03-2 Rcoikop concr.tions soft to hard 
plinthH.) (I'ISINGA) 
( £1 AVALON B-1 
NORMANOI(N 
V.llowi.h-brown to gr.y-brown, 
B-2 B(RGVIlL( con.id.r.bly to nod.rat.ly 
~argvilla-Avalon-Southwold 
I'Iodarataly well-drained soils with 
l •• ch.d .011. with .ort or hard distinct red or dark red mottllia, of tan 
pl1nthita. with black centr.s, in lower B-horizon. 
B-3 Consistance may bacoma firm with depth. RUSTON 
Colour. of y.llow .p.dal B- Clayay to loamy soils without Orthic A mostly dark grey-brown. 
horizon • •• for .oil group B. farruginous hardpans 
£1-4 AVALON 
Colour crlt.ria for drain.g8 
cl ••• •• follow •• Texture of B-horizon: 
ClOVEllY 
Wlll-p[!ln!p !oll.1 
Clay content > l~ I'Iod.rat.ly w.ll-drain.d soils with £1-5 N(WPORT Sand " < 65~ mottl.d aop.ar.nc. due to fra~.nts of 
V.lu.. of 4 to 5 .nd chromas 4 Silt " > 10% f.rru~inized sh.le. Gr.v.l 1 n. of 
to e in upp.r &-horizon mo.t rossi concr.tion. end p.bbl.s of tan 
u_1. pra •• nt. Friebl. B-horizon mars.s into £1-6 SOUTHWOLO 
Surf.c. horizon. me.tly C-horizon mostly at d.~th of 2 - 36 inch.,.. 
10 YR 5/4 to 5/e or 
10 YR 6/6 to 6/e. CARTREF El-7 Shandon (ARROCHAR) 
P90[lx-qr.1ntd .0il·1 
V.lua. of 4 to 6 .nd chroma. of El-B ARROCHAR 
1 to 2 1n upp.r B-hDrizon me.t 
u_l. 
Surf.c. horizon. no.tly "ISPAH El-9 I'IISPAH 
10 ~YR 4/1 to 4/2 or 
10 'R 3/1 to 3/2 
A-horizon of "gr.y" colour. (clay.y) 
5ub.urf.c. horizon. rr.quently CEPIVALE 0-10 "'iUb! 
10 VR 5/1 to 5/2 or At 20"-36" profile g.n.r.lly b.com •• 
(G PlVALE) 
10 VR ~2 to 6/3 .trong blocky .nd fi~ to v.ry fire with [1-11 Fr.re 
cl •• r tr.nsition. Cl.y akin. pr~in'"t. (WILLlAl'lSDN) 
-
Oi~f.renti.ting char.ct.ristics 
Clay and sand contant of B-horizon 15-3S~ and > SO~ respecti vel~. 
S-value > 5.0 m.q/lOOg. 
Cla~ sand and aUt contant of u~p.r B-h::;izon > 3S~1 < SO~ and 
>1 respectively. S-value 1. -S.O me 100g. So t and hard 
plinthita pr.sant in B-horizon. 
Clay, sand and silt contant of upper B-horizon lS-3S~, 
<l~ respectively. s-value mostly 1.S-S.0 maq/lOOg. 
> S~ and 
Clay contant and S-valu. of uppar B-horizon > 3S~ and < 1.5 neq/ 
100g raspectivaly. 
Clay, sand and silt content of uppar B-horizon > 3S~, 
> lS~ resp.ctively. S-valu. 1.S to S.O meq/lOOg. 
< SO~ and 
Clay, ssnd .nd silt content of uppar B-horizon ls-3s~, < 6S~ and 
< 15~ respactively. S-valua < 1.5 maq/lOOg. 
Clay, sand and silt content similar to RUSTON s.ries but 5-value 
1.5-S.0 m.q/lOOg. (58. Melroea (3-1.) 
Clay cont.nt of uppar a-horizoll > 3~~. 5-v.lu. 1.S to S meq/lOO~. 
Similar to N(WPORT but cl.y, sand .nd silt content of upp.r B-
horizon 1S-3~, < 65~ .nd > l~ r.sp.ctiv.ly. 
Cl.y content or P-horizon > l~. C.n ba consid.r.d a. a poorly 
dr.in.d variant or the SOUTHWOLO •• ri ••• Usually 20"-36" d •• p. 
Cl.y content of P-horizon > lS~. Depth to C-horizon mestly 
10"-24". C-horizon not highly we.th.r.d. 
Clay cont.nt of AI-horizon > 15~. Profile sh.llow (b"-12") 
ov.rlying unweath.r.d .h.l. or sandstona. 
Clay content of AI-horizon > 35~. S-v.lu. mo.tly > 5.0 m.q/lOOg. 
Cl.y cont.nt or Al- .nd B-hOriz0;V 1S-3~ .nd mostly '> 3~ 








Tebl. 2 contd 
"-Jor .011 group SO(il a.aociatiO)" Soil form Soil series Differentiating charact.ri.tics 
~ "'apping unit . 
II. l.nd,cap' ch.r,ct.riz.d by consid.rably to moderately le.ched .oil. (S-value (B-horizon) of considerably leached .oil. 1.5- 5.0 meq/ioogl 
(1) ~ND SOILS (" " moderately • 5.0-15.0 meci/lOOg 
E 
'P.rch.d gl.y' horizons have 
typic.l gr.y colours: 
1) Wh.r. hue i. 10 YR, value is 
4 or More and cnroma 1 to 2. 
or value 5 or more and cnroma 
J, or value 6 or more and 
chroma 4. 
2) Wh.r. hue is 7.5 YR, value Is 
4 or more and chroma 0, or 
value 5 or mora and chroma 2, 




Cl.yey to loamy soils with and 
without ferruginous hardpans 
[3 
leksand-Springfield 
Sandy 80ils without ferruginous 
hardpans. Large fe/Mn concretions 
may be common. 
Texture of B-horizon: 
Clay content < 15% 
Sand • :> 65% 
Silt < 10% 
E5 
Glencoe-Klipfontein 
loamy to sandy soils with 
ferruginous hardpans 
(contemporary and foasil) 
E6 
Winterton-Albany 
Clayey to loamy poorly drained 
soil •• a evidenced by gray 
colours and atrong hydromorphic 
a'.Quioxid ••• gr.gation. 
This mapping unit applies where complex soil patterns prevent the mapping of individual scil associations at 




5andy, poorly drained soils. Depth to C-
horizon mostly 30"-50". Non-calcareous. 
MISPAH 
GLENCOE 
Hard plinthic B-horizon should be third 
in vertical sBQuence and is contemporarr. 
Moderately well-drained soils mostly 20 -
30· deep. 
WASBANK 
Poorly drai~ed non-calcareous soils. 
MISPAH 
Shallow (6"-15") poorly drained 
































Clay content of yellow B-horizon 20-35% but sand and silt content 
< 15" and> 65% respectively (see AVALON serie.). 5-value 1. 5-5.0 
meq(lOOg. 
Clay content of yellow B-horizon < 15". 5and and silt ""ntent 
> 65% and < 5% respectively. Luminant grade of s"'ld medium. 
Clay, sand and silt content of upper B-horizon < 15%, > 6S% and 
< 10% respectively. Dominant grade of sand medium. 
Clay, sand and silt content of P-horizon < 15%, > 7S% and < 10~ 
respectively. Dominant grade of sand medium. 
Clay content of AI-horizon < 15%. 
lying unweathered sandstone. 
Profile snallow (6"-12") over-
Clay content and S-value of yellow B-horizon 15-35% and 1.5-5.0 
meq/lOOg respectively. 
Cl.r~ sand and silt content of yellow B-horizon < 15%, > 75% and 
< l~ respectively. Dominant grads of sand is coerse. 
(Occurrence of DUNBAR and DRIEPAN series rare.) 
Clay content of P-horizon 15-35". Dominant grade of sand medium. 
Clay, s.'ld and ~ilt content of P-horizon < 15%, :>75% and < 10% 
respectlvely. \ 
Clay content of AI-horizon > l~. 
Clay content of AI-horizon < 15". 
Clay and silt content of P-horizon > 35% and:> 10% respecti vel y . 






Tabla 2 contd 
~jor 8011 group Soil a •• ocietion Soil form Soil s6ries 
(~pping unit) 
II. Lardacap! charactarizad by conaidarably to moderataly leached soil~ ~s-value (B-horizon) of considerably leached soils 1.5-5.0 me~oo~l 
(2) BOTTD!!,AN(;i SOIl.5 " " "moderately " "5.0-15.0 me 100g 
..t Hl KATSPRUlT Hl-l KILLARNEV 
~autral to alkaline hydromorphic 
Emmaus-Killa[ney~ati~ane Emmaus 
8OU •• Total a~tr.ctabla baaes pH 'If upper 10 > 7.0 Hl-2 ~mrli~L of G lIIOatly > 15 maq/lDOg Clayey, very poorly drained soils v i~~, () 
occurring In nearly leval, clearly Matiwane 
defined bottomlands. HI-3 (KILLARNEY) 
III. ~an~I'le!1 ,hl,a,ta"zad by modetatelx to .lightly leached soils is-value (B-horizon) of moderately leached soils 5.0-15.0 me~oogl 
(1) UPLAND SOILS 
.. .. "slightly .. "10.0-30.0 me 100g 
r rl ESTCOURT 
Estcourt-Bluebank Gray-brown modarately to alighUy rl-l ESTCOURT 
laachad "dupla." or claypan Loamy soile ~ith claypans. B- P-horizon may be discontinuous. S-value aoih. horizon has at least moderately and pH of Al-horizo~ mostly 1-5 meq/lOOg 
Al-nori~n na/1r darkar then developed prismatic or columnar and 4.9-6.7 respectively. B-horizon 
10 VR 3 2 - 4 1. structure and usuallr an absolute values nostly 4-16 meq/100y and 5.7-7.6 rl-2 Bluebank 
Colour of prismatic taxtural B- clay increa.e of at east 10 per or more respectively. lime concretions (AVOCA) 
hOrizon da~anad by Cl,rskins cant over Al- or P-horizon. (Oper"t:' ce AVOCA Transition to prismatic textural ma~ or may not, be present. and ia uauj1ly 10 VR 3 - 3/2 B-norizon abrupt. Depth to clay- series ~el~ngs to or 10 YR 2 1 - 2/2. pan usually les8 than 20 inches. Kroonstad form. ) 
G 102 ARCADI A 
102-1 RYDALVALE 
Black, alightly laachad Arcadia-Pepworth-Ladysmith 
Margalitic aoil. including soils 102-2 ARCADIA 
with vartic and mal.nic topsoil Clayey, slightly leached margalitic- (Includes redundant 
horizon •• AI-Horizon ·coloura ally, darkened soils. Clay content 
Pepworth series 
.aatly 10 VR 2/1 - 2/2. of AI-horizon usually> 40% with a :~ie ~~w::~~:~~~o.) 
predominance of montmorillinite. 102-3 UI'ILAAS KIORA 
G2-4 KIORA 
RE~SBURG 102-5 RENSBURG 
G2-6 PHOENIX 
AI-horizon has strong blocky structure, 
salf-mulching properties and alicken.ide •• Ladfsmith 
G-horizon is glayed, calcareous pedi- 102-7 fES COURT) 
sadiment. (Ladysmi h species 
belongs to ESTCOURT 
form,but occurs with 
margalitic soils.) 
Differentiating characteristics 
prl value in Al- and upper G-horizor. > 6.0 end 7.0-B.0 respectively. 
S-value " " " " " " > 15 meq/lOOg. Non-cal!r,8[8ous. 
pH value in Al- and upper G-horizon < 6.0 and >7.0 reepectively. 
S-value .. .. .. .. .. .. < 15 meq/ 100" ana > 15 meq/100g 
respectively. 
pH value of G-horizon ~ B.D. Calcareous. 
Clay content of Al- and B-horizon usually > l5~ and > 30~ 
respectively. Dominant colour of G-horizon olive-bro~ (2.5 Y 
4/2 - 5/2) with no distinct red mottles. 
Clay content of AI-horizon > 15%. Dominant colour of G-horizon 
usually 10 VR 4/1 - 5/1 with distinct red mottling. Al-horizon 
usually > 20" deep. 
S-value and percentage base saturation of AI-horizon > 20 meq/lOO~ 
and BO-95% respectively. Depth to C-horizon (weathering dolerite 
usually 10"-20". Non-calcareous. 
Similar to RVDALVALE series but S-value and pH of AI-horizon 
25 meq/lOOg and> 7.0 respectively. Calcareous. 
Clay content of Al-horizon > 35%. 8-horizon non-calcareous. 
Clay content of AI-horizon 15-35%. 8-horizon non-calcareous. 
Clay content of AI-horizon usually > 50%. AI-horizon 20"-30" daep 
and upper G-hor1zon calcareoua. 
Similar to RENSBURG serie. but upper G-horizor non-calcareou •• 
Clay content of AI-horizon 3D-45~. Colour of Al-horizon mostly 
10 VR 2/1, 2/2 or 3/2. Self-mulching not evident and morpholog~ 
similar to ESTCOURT aerias. ,A sort surface covering or 'crust' 









Table 2 contd 
"'Jo~eoUQroup Soil aasociation SOU form SOU saries Diffarentiating charactaristica (l'Iapping unit) 
III. Landac~a char~tarizad by moderately t~ slightly laached soil. (S-value (B-horizon) of modarataly leached soils 5.0-15.0 meq/lOOg) 
(2) IIDTTIlfIILAND 5DIlS 
(" " "sUghtly " "10.0-30.0 meq/lOOg) 
Hll H2 
Renaburg-Lad~smith-E.tcou[t 
~autral to alkalina margalitic Clayey and loamy moderately deep These bottomland. consist of the Estcourt-Ren.b·Jrg-Ladysmith soil series in complex 
and duplax or claypan aoil •• aomawhet poorly drained margalitic soil patterns. 
and claypan soil •• Bottomlands 
of tan not clearly defined but merge 
gradually into upland •• 
Iv. Soi!1 ~ommon to all lands=a~es 
ClaYGY ( > 35~) to a depth of at least 36". Sand and silt content L Ll DUNOEE Ll-l Clayey between 15 and 50% and 15 and 35~ respectively. Somewhat poorly alluvium drained. 
Young bottomland aoila in recant 
river alluvium. Clayey, loamy and sandy soil. 
With improved drainage conditions matrix Loamy 
Loamy to a depth of at least 36". Clay and sand content less than 
characterized by the considerable Ll-2 35~ and 6 5~ re.pectively. Moderately well-drained to well-
colours become distinctly browner. alluvium "atrlx coloure with valuea 3 or variability in texture, depth, and drained. 
MOra and chroma. 2 or mora for drainage. 
Sand content axcaads 65~ and sa sub-aurfaca horizon. diagnostic. 
Sandy Sandy to a depth of at lea.t 36". Ll-3 a rule there i. < l5~ clay. Well to .omewhat exc •• sively alluvium drained. 
NOTEI 1) T~bamhlope, Broadmoor, CHAMPAGNE and Dell .eries are not widespread. 
2) Soil forme which msy also occur in the area include the KRANSKOP form (KIPIPIRI, KRANSKOP and LIDGETTON series), MAGWA form (MILfORD, 
MACWA and fRAZER series), INANDA form and the WILLEMSDAL form (CRANWELL sBries). 
3) Humic phasB soils of thB Bl-as.oclation soila are recognized and mapped separately. The organic carbon content of the topsoil exceeds 
~ but since the depth of the ~umi~ horizon does not exceed lB" these soils do not qualify for the KRANSKOP or MAGWA forms. 
4) NORI'IANDIEN and RUSTON series may occur in this landscape but are rarB. I 
5) We. ton and M5INCA series uncommon. Rare occurrence of calcareous fERRY and SUNVALLEY saries likaly within the Thornveld. 
6) I'IeJube and frera s8ries placed in CEMVALE form dUB to cutanic B-horizon. There is al.o close relation to NEWPORT and SOUTHWOLD serias 
of tha CLOVELLY form. 
7) Rare occurrence of Kroonstad form poaaible. 
8) See E6-aaaocietion for eoil. of El-esaocietion map~ed separately. 
9) WINTERTON and ALBANY earias normally in El-easociation but ara mappBd in a aeparate aasociation (6) of poorly drained grey-brown soils 
in tha Liona Rivar diatrict. 
10) Natrie loils and soila of f2-essociation (sandy soils with claypans) not recorded in area. 
H) Ul'lLAA5 and KIORA aaries are not wide8pread in the area. 
12) Soil .arle. are not definBd for Ll-asaociation. Three categoriee are recognized to meat practical objectives. 







intense red colours under very moist conditions. This occurs especially 
where they are located on level terrain or in a lower slope position. 
Dark brown colours of 10 YR 4/3 or 7.5 YR 4/2 tend to predominate and 
despite the moist conditions mottling is absent. For the time being 
these soils are deemed 'yellow-brown' although they are not necessarily 
associated with shale. It may be possible at a later stage to recognize 
these soils as a separate series. Similarly, separation of the yellow-
over-red soils on a colour basis may be justified. In this case, soils 
with intense red colours in the B-horizon (2.5 YR or redder) are 
distinguished from those with paler colours (not redder than hues of 5 
YR). At the present time such refinements cannot be justified in terms 
of land use. 
Gleying has been observed at depths greater than 4 feet in some 
typical upland soils of th~ Midlands Mistbelt. Although no apparent 
influence on crop growth or other morphological properties results from 
this condition, the growth of .deep rooted plants such as trees might be 
affected. These soils are not extensive. An extremely acid, clayey 
soil, tentatively named the Braco series, was located near the Yarrow 
river in the Karkloof area. Despite the level terrain and wet conditions 
there were no indications of hydromorphic influence. In the absence of 
more critical data this soil was mapped as the BALGOWAN series. 
Yellow-brown and yellow-over-red soils analogous to the BALGOWAN 
and FARMHILL series occur in certain slightly dry areas adjacent to the 
1 Midlands Mistbelt proper. Analytical data proved these soils to be 
'considerably' and not 'highly' leached. Although they are typical of 
the Bl-association soils , they were mapped as El-association soils . In 
this instance further refinement may well be justified since the writer 
has observed similar soils elsewhere in Natal. Furthermore, in these 
slightly drier areas soils with soft plinthic B-horizons are sometimes 
observed which do not indicate the maximum degree of hydromorphism 
normally associated with soils of the AVALON form. Though mottled, they 
generally lack the overall grey matrix colours and may later require 
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r e-classi fication. 
Soils of the ARROCHAR and MISPAH series cover a wide range of 
texture above the 15 percent clay limit. Marked textural differences 
occur especially between soils in the vicinity of Mooi River and those 
in the Merrivale valley. The reason for this is probably the textural 
differences between the parent shales. In such cases further refinement 
may be justifiea since erosion hazard and many important management 
practices are strongly influenced by texture. It would also be 
desirable to study in detail the topso~l characteristics of soils 
currently grouped as 'Orthic -AI' soils since they differ widely in base 
status, carbon content, texture and colour. 
1.4 Description and properties of the soils 
No attempt is made to present detailed definition, description 
and analytical data of each soil series since much relevant information 
is already published or is readily available (MacVicar, Loxton & van 
der Eyk , 1965; Ludorf & Scotney, 1965; van der Eyk, 1965c; van der Eyk 
et al., 1969). Additional information is to be found in a number of 
reports and theses (Channon, 1962; de Villiers, 1962; MacVicar, 1962; 
Ie Roux, 1964, 1966; Roberts, 1964; Skeen, 1964; van der Bank, 1964; van 
Rooyen , 1964; Verster, 1964; van Reeuwijk, 1967). Furthermore, Ie 
Roux and Scotney (1970) compiled a key to the soils of Natal based on 
the major reference work by van der Eyk et al. (1969), which is i~tended 
to aid the identification of soils in the field. 
Important properties of each soil series can also be gleaned from 
Table 2 and the information presented in Chapter 3. However, in ' this 
section several features are discussed in very general ' terms and a short 
account is given of the forest soils which, to date, have received little 
attention. 
1) Soils common to the Area 
The extent to which the main landscape groups may be characterized 
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in terms of chemical soil properties is reflected in Table 3. The 
analytical data for numerous modal profiles were used for this purpose. 
Table 3 Mean values of selected chemical criteria for soils 
in the Howick Extension Area 
Landscape group I II III 
High Considerable 
Moderate 
Degree of leaching - moderate - slight 
Total extractable bases (me%) 
A-horizon 2.6 5.1 19.1 
B-horizon 1.3 4.4 21.7 
Base saturation (%) 
A-horizon 15.9 57.5 81. 7 
B-horizon 10.6 57.5 83.0 
pH (topsoil) 5.2 5.6 6.3 
Organic carbon content (%) 
Topsoil 3.9 2.0 1.8 
The marked reduction in total bases from the A- to B-horizons and 
the low base status of the latter are particularly noteworthy among the 
highly leached soils. This difference is not as great in the partially 
leached group. It is interesting to note that in landscape group II 
the total bases and base saturation values for topsoils of Dl-association 
soils are 7.3 me% and 64.6% respectively whereas, for El-association 
soils, the values are 3.6 me% and 52.7% respectively. In contrast, the 
mean topsoil value for total bases among margalitic soils in landscape 
group III is 24.3 me%. Table 3 also shows that the h~ghly leached soils 
have a higher content of organic carbon than the partially leached soils. 
Mean values are higher in the Highland Sourveld than in the Midlands 
Mistbelt and, in landscape group II, the mean content of organic carbon 
is higher in the Dl-association soils (2.3%) than in the El-association 
soils (1.5%). Very low values of approximately 0.5 percent characterize 
the sandy E3-association soils while values of the Fl- and G2-association 
soils rarely exceed 1 percent and 2 percent respectively. 
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The different nature of problems associated with highly and 
partially leached soils is important for practical reasons. In the 
former group, problems are generally related to chemical characteristics 
while among the ' pa~tially leac~~d ) soi~s~ . physical .ptoperties are more 
important~ Properties such as effective depth, moisture characteristics, 
drainage and erosion hazard often render the latter soils unsuitable for 
intensive arable use. This major difference between the groups will be 
stressed many times in the following dhapters. 
Certain physical properties of practical significance, though 
seldom noted in series definitions, are important among many El- and Fl-
association soils. These soils, especially the AVALON, SOUTHWOLD, 
ARROCHAR and ESTCOURT series, exhibit 'cloddiness' and a tendency to 
'puddle' when wet. When rain follows cultivation, they also tend to 
pack and form a thin, hard, surface crust which favours run-off and 
surface erosion, and may jeopardize the successful establishment of small-
seeded crop and pasture species. Such features increase the need for 
timeous soil preparation and special tillage operations. Although the 
same need applies to margalitic soils, the nature and cause of the problem 
are very different. 
Stonelines or carpedoliths, evidence of lithological discontinui t y 
(de Villiers, 1962), are widespread throughout the Area. For example, 
rubble horizons consisting of fossil Fe/Mn concretions, quartz pebbles 
and fragments of ferruginized shale, hard plinthite and p~trified wood 
are frequently observed in profiles, especially in the vicinity of Mooi 
River. Fragments of petrified wood have also been found near the Lions 
River station and on several occasions were encountered in highly leached 
soils. The latter supports the finding reported by MacVicar (1962). 
Stonelines in Al- and Dl-association soils generally consist of small 
dolerite boulders. Many Bl-association soils, especially in the Midlands 
Mistbelt, exhibit a thin gravelly layer consisting of fossil F.e/Mn 
concretions and shale fragments coated with a hard, glossy patina. This 
layer usually occurs between the yellow and red apedal B-horizons and also 
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suggests lithological discontinuity. However, such evidence is not 
always present in the yellow-over-red soils. 
Several studies of selected soils have demonstrated that many 
chemical and physical soil properties are directly related to predominant 
clay minerals (Ie Roux, 1964; Roberts , 1964; Skeen, 1964~ 1967; van 
Ro oyen, 1964; Verster, 1964; van Reeuwijk, 1967). For this reason, 
clay mineralogical analyses were made for each of the main soil series 
and t he i nformation used as covariant criteria for establishing the main 
degrees of leacping . An indication of the chief clay minerals of each 
soi l series is given in existing series definitions (MacVicar , 1962; 
de Villiers~ 1962; Ludorf & Scotney, 1965; van der Eyk, 1965c). 
Soil fauna and flora are active factors in soil formation. 
Conversely, soil characteristics may influence the growth and movement 
of epigeic animals and organisms (Kevan, 1955; Murphy, 1962). This 
fie l d of study in relation to soils of the Area has, however, received 
very little attention although de Villiers (1962) noted that faunal 
pedoturbation by the snouted termite, Trinervitermes, may result in 
carpedoliths being ·formed below the level of lithological discontinuity. 
J 
Termite activity is particularly noticeable in the dr ier landscapes 
, 
wher e mounds are common on the shallow and droughty El- and Fl-association 
I soils. A wide range of soil fauna and flora occurs among the highly 
leached soils where the biosphere contributes much to the accumulation 
and br eakdown of organic matter. Moles and other rodents are ~lentifu1 9 
especiall y i n virgin soils, and crotovinas are frequently observed in 
f r eshly dug profile pits. Edwards (1969) observed that where no lime or 
ni trogenous fertilizer is applied the mole, Cryptomys hottentotus, is 
particularly active. In many highly leached soils, especially in the 
yellow-over-red :members, . an abundance of small round holes is frequently 
observed in the B-horizon. Despite numerous inspections of freshly 
exposed profiles during the survey the casual organisms were never 
encountered. These holes undoubtedly enhance the overall drainage 
conditions in t he soils. . 
2) Forest soils 
The Podocarpus forests occupy , 4.7 percent . of landscape group I. 
They predominate on steep, south-eas~ern slopes and experience a 
mean annual rainfall of at least 1,000 mm (t 40 inches) . ThQ soils 
bh these boulder-strewn slopes are of very mixed origin and vary 
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considerably in texture and depth. Outcrops of dolerite are common and 
are generally associated with dark, reddish-brown and yellow-brown soils 
(5 YR 3/4 - 4/6) of clayey texture and strong blocky structure. 
structural development is atypical among highly leached soils but, 
according to Joffe (1949), is characteristic of forest soils. Outcrops 
of Ecca and Beaufort sandstone are also common within the forest areas. 
Preliminary investigations during the reconnaissance survey 
indicated that the soils of the forests were very different from those 
of the adjacent grasslands, especially with regard to degree of leaching. 
For this reason, the writer collected B-horizon samples from paired 
sites; one within the forest, the other from the adjacent grassland . 
The sites were never separated by more than 200 metres. The grassland 
sites were mostly situated within the forest margin typified by tall 
grasses such as Hyparrhenia spp., Miscanthidium capense and Cymbopogon 
~, The analytical data for the samples are presented in Table 4 and 
profile data are given for the Kipipiri sites~ 
In all instances the forest soils reflect a lower degree of 
leaching, The grassland sample of site 5 was situated in a hayfield of 
long standing which probably accounts for the very low base status. It 
is also reasonable to surmize that, because the grassland sites were 
probably themselves at one time under climax forest, vegetation can 
inf luence soil forming processes over a relatively short period of time. 
Joffe (1949J cited several studies that illustrate the effect of 
forests on precipitation , soil moisture content and ground waters, all 
of which are related to the leachi ng process. For instance, it was 
revealed that up to 25 percent of the rainfall may be intercepted by the 
forest canopy although Daubenmire (1948) suggested that the canopy might 
Table 4 
Site 
Analytical data for soils of the Podocarpus forests and 
adjacent grasslands in the Howick Extension Area 
Exchange Base 
Total bases capacity saturation 
(me%) (me%) ~ 
1) KiE!iE!iri 
F 0-10" 11.28 23.70 77 
10-31" 11.06 16.20 68 
31-50" 8.05 11.30 71 
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1------------- ------- 1-------- --------
G 0-9" 2.44 17.00 14 
9-21" 0.58 7.05 8 , 
21-39" 0.64 2.35 27 
2) Maritzdaal 
F 28.42 38.12 75 
G 6.47 12.45 52 
3) Newstead 
F 15.74 31.52 50 
G 0.77 5.43 14 
4) Karkloof 
F 8.84 20.85 42 
G 4.69 15.01 31 
5) The Start 
F 5.29 20.89 25 
G 0.37 11.64 2 
6) Fort Nottingham 
F 4.97 11.24 44 
G 4.21 16.16 26 
F - forest 
G - adjacent grassland 
prevent as much as one third of the precipitation from reaching the soil. 
High transpiration losses tend to offset the gains accruing to low 
surface evaporation within the forest. Absorption by the forest litter 
may also account for considerable quantities of water. Ground water 
tables are generally lowest within areas of forest. Augering in a 
forest or exotic plantation inevitably reveals a state of dryness in the 
soil profile. The moisture status is thus considerably influenced by 
the presence of trees. Since the leacning process is retarded the 
soils are inherently more fertile than those of the surrounding areas. 
This is probably one reason why many of the forest areas were clearfelled 
by early settlers and Bantu for the production dfl crops. 
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1.5 Distribution of soils in the Area 
The pattern of distribution and extent of soils in the Area was 
determined planimetrically using the 1:50,000 soil maps. Each soil 
unit, over 2,500 in all, was measured at least three times to obtain a 
reliable reading. The hilly steep and/or stony land (M) was determined 
by subtraction from the total area. 
For the purpose of expressing the distribution of selected 
categories of the classification in the Lions River district, boundaries 
of each individual degree of leaching were established. Soil criteria 9 
together with a knowledge of the climate and vegetation, were used to 
determine these boundaries. Where necessary B-horizon samples were 
collected and analyzed and the degree of leaching accurately determined. 
The boundary between highly leached and considerably leached soils near 
Lions River was determined in this manner. 
on Map 4 (Chapter 4). 
These boundaries are shown 
1) Distribution of soils and miscellaneous land types within 
landscape groups 
The distribution of soils within the main landscape groups9 
expressed as a percentage of the Area as a whole 9 is indicated in Table 
5. The distribution of uplands, bottomlands and non-arable classes is 
also shown. It will be noted that the Lions River and Mooi ~iver Valley 
districts are treated separately. Greater detail is presented for the 
former district where the distribution of the various categories in the 
Highland Sourveld and Midlands Mistbelt is indicated. 
Table 5 reflects a predominance of highly leached soils (72.5%) 
and a relatively high proportion (54.5%) of land unsuitable 
for regular arable use. The large area of hilly, steep and/or stony 
land and the small percentage of bottomlands within the Midlands Mistbelt 
bears witness to the broken topography. The high (20.8%) proportio~ of 
bottomlands in the dry, lower reaches of the Mooi River Valley district 
is significant since the soils of these bottomlands are noted for their 
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Table 5 Distributi on of soi ls and mi scellaneous land types wi thi n 
the main landscape groups in the Howick Extension Area 
To t al Mi scellaneous land types (%) 
Landscape group % of Bottom-
Area Uplands lands M + MF 
MF 
Lions River district 
Group I 
1) Hi ghl and Sourveld 38 . 1 32 . 7 8.4 59.9 2. 1 
2) Mi dlands Mistbelt 34.4 I 32 . 2 4.4 63.4 7.6 
Total 72.5 32 . 6 6.5 60.9 4.7 
1------------ ----- ----- ----- r--- -' ---
Gr oup II 
1) Considerably 
leached 8.5 47 . 5 807 43.8 
>-:) _M~~~~~!t~ ____ ~ _ ~.:_ I 49.5 7.0* 44 . 4 ----- ----- 1---- -
Group III 0.3 - 3.6 96 . 4 
Mooi River Valley district 
Group II I 6.4 _ :5.:?_ -'- _l:.~ _ t _3:.~ _ I------------ r ----
28.0 j 20.8 51.2 . Group III 1 7. 8 
i I Total for Area 100 . 0 37.0 , 
* excluding area flooded by Mi dmar dam 
MF indigenous forest 













very high erosion hazard (Table 10) . Approximately 75 percent of t he 
indigenous forests (MF) occur in the Midlands Mistbelt o 
2) Distribution of soil associations 
I 
Distri bution of the soil associations is expressed as a percentage 
of the total area of uplands and bottomlands for selected landscape 
groups . Highly and partially leached soils are treated individually. 
The distribution of upland and bottomland soil associations in landscape 
group I is presented in Table 6 which also shows the distribution of 
litholi c soils (R) . Data for the Highland Sourveld and Midlands Mistbelt 
are presented separately. 
The most striking feature of Table 6 is the complete domi nance of 
Bl association soils. Apart from the AI - association soi ls, whi ch occupy 
approximately 20 percent of the uplands , all other upland assoc i ati ons ar e 
. 
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Table 6 Distribution of upland and bottomland soil associations in 
landscapes characterized by highly leached soils (Group I) 





Group 1 Al A2 Bl 
I B2 E5 R Cl Ll 
1) Highland Sourveld 19.7 1.0 65.2 3.6 - 0.5 I 89 " 0 11. 0 
2) Mi dlands Mistbelt 23. 5 - 75 . 6 i 0. 5 0.2 0.2 57,2 42 . 8 
I • 
relatively unimportant. The occurrence of the loamy A2- and B2-
-
association soils in the Highland Sourveld is due to the presence of the 
Beaufort and Stormberg sediments . The small area of B2-association soils 
in the Midlands Mistbelt occurs above the scarp of the Umgeni gorge and 
is associated with Middle Ecca sandstone . The predominance of the acid 
, 
hydromorphic 'vlei' soils (Cl-association) within the Highland Sourveld is 
particularly noteworthy. As would be expected the extent of river 
alluvium increases at lower elevations. 
Table 7 shows the distribution of upland soil associations within 
landscape groups II and III. The Lions River and Mooi River Valley 
districts are again treated separately. 
I . 
Table 7 Distribution of upland soil associations in landscapes 
characterized by partially leached soils (Groups II and 
III) 
Landscape group 
Upland soil associations (%) 
El l I 01 03 E5 E6 Fl I G2 I 
Lions River district 
I I ! I Group II I 
1) Considerably leached 23 42 33 2 - - -
2) Moderately leached 23 
i 
11 52 3 11 - -
j , . , 
Mooi River Valley district 
I I ! I I i Group II 7 - 76 16 ! 1 I - -, I : I 







In all but the driest parts of these landscapes the El- association 
soils are the most widespread . However, in the Thornveld area of the 
Mooi River Valley district it is significant that highly erodibl e claypan 
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soils (Fl- associ ati on) occupy over 50 pe r cent of the uplands excluding 
the hilly , steep and stony land. Although not indicated in Table 7, 
the H2- associati on , compri s i ng the RENSBURG , ESTCOURT and ladysmith 
series , occupies 87 percent of the bottomlands . In fact , thi s 
associ ation occupies 18 percent of the total area of Thornveld . In 
the moister landscapes the HI-association occupies approximately 60 per-
cent of the total area of bottomlands . The remainder comprises river 
alluvium (ll-association) . 
3) Distri bution of soil phases 
Distri buti on of the soil phases is expressed as a percentage of 
the total upland area of i ndividual soil associations . Table 8 reflects 
the distribution of the slope phase in the lions River district. This 
phase includes all upland soils with a slope in excess of 8 percent but 
excludes all hilly , steep and stony land (M). 
Table 8 Distribution of the slope phase (exceeding 8%) in 
the l i ons River district 
landscape 
Slope phase (%) 
group 
Uplands Soil associations 
Group I Al Bl 
1) Highland Sourveld I 47 66 47 
2) Midlands Mi stbelt 53 53 51 
Group II 01 03 El 




32 1 49 










Table 8 shows that approximately 50 percent of highly leached soi ls 
occur on slopes exceeding 8 percent. The relatively high percentage of 
the s l ope phase among th e AI - association soils is attributed to the hil ly 
outcrops of dole rite . 
Humi c phase soils are conf i ned to landscape group I and especially 
tQ the Highland Sourveld where cli mate and topography are conduci ve to 
organic matter accumulati on . The distribution of this phase i n the l i ons 
River distri ct i s shown i n Table 9 . 
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Table 9 Distribution of humic ,phase soils in the Lions River 
district 
Humic phase (%) 
Landscape group 
Uplands Soil associations 
Group I Al A2 Bl B2 
Hi qhly leached soils 
1) Hi ghland Sourveld 15.8 3.4 - 17.9 -
2) Midlands Mistbelt 0 . 3 - - 0.4 -
The humic phase is most often associated with the Bl-association 
soils, especially the GRIFFIN and CLOVELLY series ' where these occur in 
a lower slope position or in local depressions. Here there is a tendency 
for organic materials to accumulate by wash from the surrounding uplands. 
Table 10 shows the distribution of the eroded phase in the Mooi 
River Valley district. Gully erosion is confined mainly to the 
bottomlands. 
Table 10 Distribution of the eroded phase soils in the Mooi River 
Valley district 
Eroded phase (%) 
Uplands Bottomlands* 
Landscape group Soil associations Soil associations 
Total Total H2 
01 El+E2 Fl 
sheet gully 
Group II 18.8 - 24.0 - - - -
--------- --- r--- ---- --- ---1------ ~----
Group III 38.0 ' 12.7 27.8 52.8 92.5 3.1 89.4 
* excluding river alluvium 
In landscape group II erosion is confined almost entirely to the 
grey~brown soils and soils with ferruginous hardpans. Table 10 also 
reflects the seriousness of the erosion problem in the drier 'parts, where 
approximately 38 and 93 percent of the uplands and bottomlands respect-
ively are severely eroded. Furthermore, it shows that ~rosion is 
particularly widespread among the claypan soils (Fl-association) which 
occupy over 50 percent of the uplands (Table 7). The need for stringent 
conservation and reclamation measures in this landscape group is thus 
obvious. Reclamation is a special need in the bottomlands where severe 
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gull y er osi on has destroyed all but a small percentage of this important 
class of land. It may be inferred from Table 10 that the Dl-association 
soils are relatively stable in comparison with other upland soils. 
Determining the distribution of soils permitted the average size 
of individual mapping units to be calculated. The average size of the 
Area as a whole was 146 acres. In the Midlands Mistbelt the size is 113 
acres which indicates the broken nature of the terrain. Furthermore , 
the average size of units comprising AI-association soils is smaller than 
that for the Bl-association soils and is probably the result of the many 
i solated intrusions of dolerite. The average size of individual forest 
areas is considerably larger in the Midlands Mistbelt (142 acres) than in 
th e Highland Sourveld (53 acres). On the other hand, the average size of 
'vlei' areas (Cl-association) is greatest in the Highland Sourveld (120 
acres). 
CHAPTER 2 
AN INVESTIGATION OF SOME SOIL PROPERTIES 
RELATED TO LAND· USE 
The information gained from the soil survey provides a logical 
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basis for selecting and planning the soil studies. Since over 70 per-
cent of the Area comprises highly leached soils associated with inherent 
fertility problems, further study in this field is easily motivated. 
Furthermore, there are a number of important physical limitations 
associated with the partially leached soils that affect farming practice. 
Although many of these deserve intensive study, those relating to soil 
moisture are of particular interest. This chapter deals with 
investigations of both chemical and physical soil properties. The 
prime objective of these studies is to characterize the soils in terms 
of selected parameters and to provide information for their overall 
assessment. 
2.1 Studies of ionic equilibria in selected soils 
Ionic equilibria are basic to fertility problems since they 
govern the ability of a soil to supply a particular nutrient. The so-
called 'supplying power' of a soil is determined by both the amount of 
nutrient present and the energy level at which it is supplied. An 
adequate amount of nutrient at an available energy level throughout the 
season is required for satisfactory plant growth (Sumner, 1965a). 
There is thus a need to classify soils in terms of their exchange 
properties and to direct study to adsorption equilibria for different 
nutrients (Schuffelen & Bolt, 1958; Ie Roux, 1966). It is generally 
accepted that, since the soil system is chemical in nature, a parameter 
with thermodynamic significance should be used to characterize the energy 
level, viz. thermodynamic potential. Thus, a given soil system can be 
characterized by the amount of nutrient present and its thermodynamic 
29 
potential. 
The prime objective of this particular study is to characterize 
the most important soils in terms of potassium and lime status. For 
this purpose several parameters are used, namely, quantity-intensity 
relat ions (Q/I), energies of exchange (6F), and lime potential (LP). 
In view of the main objective the choice of parameters is relatively 
unimportant . Those selected are, however, theoretically sound 
(Woodruff, 1955; Schofield & Taylor, 1966b; Beckett, 1964b). A 
component study is aimed at determining the influence of current land-
use practice on the K and lime status of cultivated soils throughout the 
Area. In this case it is suggested that much can be learnt from the 
study of selected farm fields. 
1) Theoretical considerations 
Lengthy discussion of the theoretical concepts concerning ionic 
equilibria is avoided since many local workers including Sumner (1965a & 
b), Ie Roux (1966), Koch (1968), Reeve (1968) and Skeen (1968) have 
reviewed the literature and summarized many relevant studies. They 
point out that Schofield (1947), Eriksson (1952), Overbeek (1952) and 
Bolt (1955) have shown that the original double layer theories and ear ly 
equations can be developed to provide a fundamental approach to the 
problems of ionic equilibria. 
Schofield's Ratio Law is basic to many theoretical equations and 
modern concepts (Schofield, 1947). The soundness of the Law has been 
conf i rmed many times (Schofield & Taylor, 1955b; Beckett, 1964a; Tinker , 
1964; Ie Roux, 1966) although Taylor (1958) and Skeen (1968) reported 
specific instances when it was not obeyed . 
The parameters used in this study are based on the concept that , 
in a solution in equilibrium with the activity ratio (AR ), aM+//aM++, 
e ! . 
provides an estimate of the relative activity of the monovalent cation 
(M+) on the solid phase . Thus, in the case of potassium (K) a measure 
of its potential or availability can be obtained. In most soils calcium 
(Ca) and magnesium (Mg) are the dominant complementary ions and, for 
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practical purposes, they can be treated as a single ionic species 
(Schofield & Taylor, 1955a & b). In a study of Natal soils Ie Roux 
(1966) found that the ion pair K-(Ca+Mg) conformed to the Ratio Law and , 
for the reason, a similar procedure was followed in this study. It 
should be noted,however, that Skeen (1968) found the ion pair K-Al 
preferable for the study of very acid soils. 
The following is a brief description of the three parameters used 
in this study: 
Quantity-Intensity (Q!I) relations of labile potassium: A technique 
for measuring the relationship between the amount, or quantity (Q), of 
potassium and its degree of availability, or intensity (I), was developed 
by Beckett (1964b). It consists of equilibrating a number of samples 
of the same soil with a series of solutions containing variable amounts 
of KCl in CaC1 2 solutions. For each suspension, the difference between 
the K concentration in the initial and final solution gives the amount 
by which the soil gains or loses exchangeable K in reaching eqi librium 
with the final solution (± 6 K). Activity ratios for each value of K 
are calculated from the composition of the resulting equilibrium solutions . 
At equilibrium, the activity ratio, ~K/;aCa+Mg), or ARK, is a 
e 
measure of the intensity of labile K in the soil. However, soils with 
the same ARK value do not necessarily possess the same capacity for 
e 
maintaining ARK, or releasing K to the plant. Thus, to fully describe 
e 
the K status it is necessary to know the current K potential and the way 
in which the potential depends on the quantity of K in the pool . A 
characteristic Q/I relationship is shown in Fig.l. 
Fig.l illustrates how ARK (moles/litre)! in the soil solution 
depends on the exchangeable K content of the soil represented by A K 
(meq/lOOg) which is the change in exchangeable K relative to the value of 
K exchangeable K at AR • 
e The slope of the curve, Q/I, gives the amount of 
K . 
K that can be removed before AR decreases by more than a given amount. 
Beckett (1964b) defined this as the Potential Buffering Capacity (PBC K) 








A characteristic Q/I relation 
and was shown by Ie Roux (1966) to be a function of the type of clay 
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mineral and its surface area, and to be highly correlated (r = 0.97***) 
with cation exchange capacity. 
By exterpolating the linear portion to the point where ARK = 0, 
o a value of A K , or a measure of the labile pool, is obtained. The 
lower part which curves asymptotically to the Q axis, is indicative of 
the release of non-exchangeable K, or specifically adsorbed K when little 
K is present in the soil solution. . This phenomenon helps explain why 
determinations of exchangeable K by extraction methods may lack precision . 
Although a good correlation (r = 0.94***) between - ~Ko and exchangeable 
K as measured by 0.2 N NH 4Cl extraction was established by Ie Roux (1966)~ 
it was found that K extracted by NH4Cl always exceeded the pool of labile 
K measured by the Q/I technique. In fact, the ratio obtained indicated 
that roughly half the exchangeable K is truly labile. Skeen (1968), who 
reported specific adsorption sites for K in several acid Natal soils, 
also found - AK o to be a reliable measure of the labile pool. However, 
recent work l indicates that -extraction with neutral nprmal NH
4
0Ac is as 
good a measure of plant available K as any of the Q/I parameters. With 
the Q/I technique the K status of a soil is fully described by any two of 
the following parameters: - 6K
o




M.P.W. Farina, Dept. Agric. Technical Services, Natal Region -
personal communication. 
Energies of exchange: Woodruff (1955) introduced the concept of 
energies of exchange or replacement (6. F). It is a measure of the 
intensity factor in the delivery of cations from the exchange complex 
of the soil to the plant. The measure, in . terms of K and (Ca+Mg), 
is computed in calories per equivalent from the equation 
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6. F = RT In aKja(Ca+Mg) (1) 
At equilibrium, 6. F represents the total energy for the transfer 
of one chemical equivalent of (Ca+Mg) from the standard state to the 
soil in return for one chemical equivalent of K from the soil. Negative 
values imply that the reaction between the soil and the standard state 
would proceed spontaneously. Determination of 6. F in this study also 
attempts to establish the relationship between energies of exchange and 
the Q/I parameters. For practical purposes the former is the more 
attractive because of the relatively simply procedure. 
Woodruff (1955) also showed that 6. F could be used as a criterion 
of the balance of cations for plant nutrition and suggested that it could 
be universal in scope and applicable to all types of exchange materials. 
He established broad limits which indicate that 6.F values of between 
-2500 to -3000 calories per equivalent are optimum for balanced plant 
nutrition. Values in excess of -3500 calories are associated with 
calcium deficiencies and those of -2000 calories or less, are generally 
associated with calcium deficiencies created by excessive amounts of 
potassium. Koch (1968) found that the minimum value for maize grown on 
the Clifford series was between -3140 and -3260 calories per equivalent. 
Energies of exchange are presented only for those samples included 
in the study relating to land-use. 
Lime potential: Lime potential (LP) was originally described by 
Schofield and Taylor (1955b). If the relationship between hydrogen and 
Ca is considered,_ then' theoretically, the activity ratio, PH/jaCa, has a 
constant value in any solution in equilibrium with a soil containing Ca 
as the main exchangeable cation. Precise meaning can be given to the 
ratio by multiplying the numerator and denominator by the act~vity of any 
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anion present , thus: 
= = (2) 
from which it can be seen that, since the product aH aOH is constant, 
the ratio aH//aCa is a direct function of the activity of Ca(OH)2 in the 
system (Sumner, 1965c) . 
The ratio is generally measured in the form aHCl/acaC1 2 and, 
since both are electrical neutral substances, their activities may be 
expressed without any of the ambiguity associated with the activi ties of 
individual ions. 
Equation (2) may be re-written in the form: 
pH - ~pCa = p(HCl) - tp(CaC1 2) = ~ log aCa(OH)2 + 14.2 ( 3) 
where p = negative log of the activities of the ions and molecules in 
o 
the equilibrium solution and 14.2 = ionic product of water at 20 C. 
Equation (3) provides a measure of the chemical potential of Ca(OH)2 
in the system. 
In an equilibrium solution composed of a mixture of Ca and Mg 
salts the relation between pH and the total electrolyte concentration i s 
given by the value of pH - tp(Ca+Mg) which is known as lime potential . 
The ratio, aH//aCa+Mg), in any solution in equilibrium with a soil 
containing Ca as the main exchangeable cation has been shown to have a 
constant value (Schofield & Taylor, 1955b; Nichol & Turner, 1957, 1958; 
Webster & Harward, 1959). 
The importance of the LP parameter lies in the fact that it is 
independent of salt concentration and is, therefore, a more fundamental 
indication of lime status than pH alone (Schofield & Taylor, 1955b; 
Nichol & Turner, 1958 , Russell, 1961). Reeve (1968) recommended that 
lime requirements should preferably be based on LP values since they 
provide a less empirical measure of the intensity of acidity than pH 
values. Turner and Nichol (1962b) also found a direct relationship 
between LP and base saturation although it was stressed that LP is not 
a true measure of the degree of saturation. 
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2) Materials and experimental procedure 
Soil samples were collected in accordance with the pattern of soil 
di stribution and were then ?nalyzed . Representative profile pits of all 
the major soil series were sampled. F or the study related to land--use , 
samples were taken from selected fields using a six-inch core sample r. 
Paired samples of the same soil series from virgin and cultivated fields 
were studied. A sampling depth of six inches was considered adequate 
since Krantz and Chandler (1954) had shown that, in the case of maize, 
the bulk of the roots (43%) are located in the top six inches . 
The parameters were also related to more accurate field data by 
sampling several maize experiments. Two of these on the Loskop series 
were situated at Cedara and one, on the CLOVELLY series (humic phase) , 
at Nottingham Road. Selected treatments with different levels of K and 
lime were sampled. 
Time of sampling is an important factor in the study of Q/I 
relations since - AK
o 
values are influenced by crop removal and K-
fixation subsequent to fertilization . Skeen (1968) showed that, in 
certain Bl-association soils, the pool of labile K increased after 
prolonged equilibration. It can be inferred from this that a transfer 
of K from the fixed to the exchangeable phase takes place over the winte r 
period, a phenomenon confirmed by Koch (1968). All samples included i n 
the study were collected at the end of the growing season (April) and 
were air dried, gently ground and passed through a 60 mesh sieve. 
A procedure, similar to that described by Matthews and Beckett 
(1962) and Beckett (1964b), was followed i n determini ng the Q/I 
relations. Varying amounts of soil were weighed out into a series of 
100 ml centrifuge tubes and 50 ml 0. 002 M CaC1
2 
solutions containi ng 
different amounts of KCl were added to the samples as indicated in Table 
11. 
The samples were equilibrated on an end-over-end shaker at 20 rpm 
for 15 hours after which they were centrifuged at 1500 rpm for three 









Soil weights and solutions for determining 
Q/l relations 
Weight of KCl CaC1 2 
sample Solution Conc. Conc. 
(qm) (M) (M) 
7 E 0.0010 0.002 
7 0 0.0007 0. 002 
7 C 0.0005 0.002 
7 0 0.0002 0.002 
4.75 A No KCl 0.002 
1.5 A No KCl 0.002 
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solutions were analysed for Ca, Mg and K on a Beckman D.U. flame spectro-
phot~meter. 
Activity ratios were calculated from the composition of the 
supernatant solutions and activity coefficients determined according to 
the Debye-Huckel equation. Calculation of the ionic strength of the 
equilibrating solution did not include exchangeable sodium since le Roux 
(1966) had found very small amounts in many soils similar to those 
included in this study. The gain (+ 6K) or loss (- 6K) of potassium 
was obtained by subtracting the concentrations of the solution before and 
after equilibration. The Q/l relation was obtained by plotting the 6 K 
values . for each sub-sample against the concomitant computer-calculated 
ARK values. 
Energies of exchange in calories per chemical equivalent at 2o oC, 
were computed from the relation: 
6F = 
using the data for tube 5 as shown in Table 11. 
lime potential values were determined using standard procedures 
(Schofield & Taylor, 1955b; Sumner, 1965c). Three separate aliquots 
from tubes 1, 3 and 5 of each sample were taken after equilibration, but 
before centrifugation, and the pH values determined on an Ell C33B pH 
meter. Equilibrium pH values approximate those under field conditions 
(le Roux, 1966). The value !p(Ca+Mg) was determined from the total 
concentration of exchangeable (Ca+Mg) given by the Q/l calculation . 
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3) Results and discussion 
The results are discussed on the basis of the two main issues 
investigated viz.: (i) series characterization and (ii) the influence 
of land-use practice on K and lime statuso 
(i) Series characterization 
Table 12 shows the Q/I relations and lime potential values 
determined for a wide range of soils and a K-supply rating of the soils 
studied. Typical Q/I curves for selected highly and partially leached 
soils are presented in Fig.2. 
Q!I relations: The reliability of the Q/I technique is substantiated 
by the agreement between the results of this study and those presented 
by Ie Raux (1966). Average values of the latter are included in Table 
12. In most instances the PBC K values conform to the Al- and B2-horizon 
standards established by Ie Raux. 
K PBC values are generally regarded 
as a reliable means for characterizing soils although Koch (1968) was 
unable to confirm this view. As previously indicated, PBC
K is closely 
related to clay content and the predominant clay minerals and their 
exchange properties; specifically CEC and surface characteristics. 
Le Roux (1966) found PBCK values for soils containing kaolin as the 
dominant clay to be between 5 and l~ while those predominated by mont-
morillinite had high values up to 96. The former clay mineral has a ow 
CEC (1-10 me%) and small surface area (1-40 m2/gm), the latter a high CEC 
(! 100 me%) and large surface area (400-800 m2/gm). It follows from the 
relationship between PBCK and clay mineral species that the parameter 
reflects general trends in soil formation. Thus, the lower the degree 
of leaching the higher the PBCK value as indicated by Table 12 and Fi g. 2. 
Furthermore, the mean 6Ko values for topsoil samples of the highly and 
partially leached soils were 0.19 me% and 0.29 me% respectively, 
indicating a more favourable K status in the latter soils. 
The results also confirm the soundness and usefulness of the soil 
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0.15 0.006 24 
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0.08 0.006 12 
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clearly necessary. The Q/I parameters reflect marked differences in 
soils at both the association and series level. 
K 
For example, mean PBC 
values of topsoil samples for the Al- and Bl-association soils are 19.8 
and 17.9 respectively while those for the 01- and El~associations are 
24.0 and 18.0 respectively . These values indicate the more favou r able 
'supply power' of soils derived from dolerite. Values of bottomland 
soils are also considerably higher than those of upland soils. Thi s i s 
ascribed to the presence of 2:1 mixed-layer minerals in the former group, 
even in acid, hydromorphic soils. 
Series differences are most obvious among the partially leached 
soils. The similarity between many highly leached soils, especially 
those of the same textural class, is attributed to the overriding 
influence of the leaching process. Skeen (1968) ascribed thi s to the 
affinity of these soils for ~ ions. Textural variations are also 
K 
reflected by the PBC values. Those of the clayey soils (e . g. Cranwell , 
Lidgetton and SHORTLANOS series) are considerably higher than t heir 
lighter textured counterparts (e.g. CLOVELLY, GRIFFIN and Bellevue 
series) . 
K The very different PBC values -of samples 39 and 40, both 
representing the ARROCHAR series, illustrate the need to refine the 
classification and, as already suggested, are probably due to textural 
and other differences between the parent shales. The former sample was 
collected near Merrivale, the latter near Mooi River. It will also be 
noted that the values of the BERGVILLE samples, also collected near 
- Merrivale, are slightly higher than -the mean values establ ished by 
Ie Raux (1966). 
, K 
The low PBC values of samples 13 and 14 suggests that 
these soils are marginal members of the GRIFFIN series. 
In many partially leached soils there is an increase in PBC K 
value with depth (e.g. Jagersdrift series) . However, no such increase 
is noted among highly leached soils which is attributed, in part, to an 




effective CEC by neutralizing part of the negative charge (Ie Raux , 1966). 
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Reference has already been made to the marked differences in 
fertility status between topsoil and subsoil horizons, especially among 
the highly leached soils 
o K 
decrease in A K and AR e 
(Chapter 1). Table 12 also shows a general 
values from topsoil to subsoil horizons. The 
low organic matter status of the subsoil horizons and the removal of 
nutrients by leaching and plant uptake, together with the simultaneous 
enrichment of the topsoil through mineralization of organic matter, 
contribute much to this finding. The concentration of fertility in the 
top 6 to 8 inches was also noted by Fisher~t1955) who described the soils 
of the Highland Sourveld as having "a superficial skin of fertile 
topsoil". He added that the problem of getting production from the 
'low value' subsoil was virtually insurmountable. In Table 12 the 
frequent positive values of AKo for subsoil samples indicate the 
extremely low K status of these horizons and suggest adsorption of K 
from the equilibrating solution into specific sites. 
Table 12 also shows considerable variation among the topsoil 
parameters. This is attributed to soil creep, cultivation and especially 
erosion . The low A KO values for samples 5 and 8 (Balmoral series) , 
both of which reflect a 'below average' labile pool, are probably the 
result of soil loss since the slopes exceeded 10 percent and there were 
clear signs of surface erosion. o The very low A K values of samples 28 
and 44 are probably due to past cultivation although, at the time of 
sampling, there was little evidence of soil disturbance. 
A simple K-supply rating of the soils is shown in Table 12. 
Despite obvious limitations, and with the absence of sufficient data, 
K this is based primarily on PBC values. The rating classes and their 
associated PBCK values are given in Table 13 together with a guide to 
other characteristics . K 0 The associated AR values assume a - A K value 
e 
of approximately 0.20 me%. Since PBCK is related to clay content the 
general textural classes are also indicated . 
Assessments of K status should, however, consider other criteria . 














(- 6Ko = 0 0 20 me%) class 
5 - 6 .04 - .033 sand 
6 - 10 . 033 - . 020 loam 
10 - 20 .020 - .010 clay loam 
20 - 50 .010 - .004 clay 
over 50 less than .004 heavy clay 
indicate the potassium fertility of soils. They preferred potassium 
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potential, or the product of the total amount of exchangeable K ( 6K o) 
K and PBC , to place soils on a comparative basis. K potential was also 
found to be correlated more closely to crop responses (especially maize) 
than the other Q/I parameters. Koch (1968) attached more importance to 
the amount of K in the labile pool than to the current energy level or 
potential of K. According to the studies of Skeen (1964, 1968~ criteria 
should also include mica content (indicating reserves of non-exchangeable 
K), presence of sesquioxide gels coating surfaces of clay minerals 
(influencing specific sites for K), release and fixation of K and the 
large pH-dependent negative charges. Insufficient data, however, 
prevented rating or assessing the soils in terms of these criteria . I t 
is suggested that the study of K potential should, however, receive 
further attention . 
Highest ratings in Table 12 are gi ven to soils of the Al-, 01-
and G2-associations and the bottomlands. Although releasing lar ge 
quantities of K, certain of these soi ls may, however, be associated with 
a rate of supply too slow for optimum uptake by plants . This probl em 
is likely to occur among some margaliti c and bottomland soils and appli es 
equally well to moisture supply. The ability of the RENSBURG seri es to~ 
-) 
supply large quantities of K was demonstrated by Ie Roux (1966) who 
found that the pool of K was never entirely Depleted even after several 
successive crops. The decline in yield with each successive crop was 
probably due to the reduction in ARK which reached constancy at a value 
e 
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of 0.001. According to Koch (1968) maize yields on the Clifford 
series are likely to drop when ARK falls below 0.015 and when the value 
e 
reaches 0.002 the crop is unable to take up K. Le Roux (1966) also 
established that soils with low PBcK values, including the AVALON 
series, were first to suffer from K deficiency. Such studies should, 
however, take into account supplies of K from the B-horizon. This is 
an important consideration when assessing soils of the AVALON form. 
Lime potential: The LP values for all soils studied are presented in 
Table 12. Values of the three sub-samples were found to remain 
constant over a wide range of soils. Generally, the results confirm 
the view that LP provides a reliable measure of whether or not 
appreciable amounts of exchangeable Al are present. Turner and Nichol 
{1962b) -showed that when LP values exceed 3.8 the amounts of Al are 
negligible. Table 12 shows that the LP values for the majority of 
highly leached soils are well below this limit and in only one case 
(profile 14) does the value reach 3.8. 
For the purpose of characterizing the soils, a summary of the LP 










Table 14 Average lime potential (LP) values for soils in the 
Hawick Extension Area 
LP value 
Soil group 
Upper Lower Topsoil subsoil subsoil 
Highly leached soils 
AI-association soils 3.23 3.12 3.12 
Bl-association soils 3.05 3.06 3".13 
Average 3.13 3. 09 3.13 
.-
Partially leached soils 
Dl-association soils 
D3-association soils 
3.65 3.68 3.67 
El-association soils 3.61 3.56 3.49 
Average 3.63 3.62 3.58 














demonstrated by the values presented in Table 14. Furthermore, the LP 
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values provide further evidence of major differences at the soil 
association level. Values for highly leached soils lie mostly between 
3.0 and 3.2 with AI-association soils exhi biting a slightly more 
favourable lime status than the very acid Bl-association soils. Series 
differences among this group are not striking although extremely low 
values of less than 3.0 are indicated for the Lidgetton and Cranwell 
series. The average value of humic phase soils is 3.06. 
Among the partially leached soils values generally exceed 3.5. 
Here, too, values for soils of doleritic origin are noticeably higher 
(over 4.0) than those derived from shales or sandstone (3.5 to 4.0). 
There is also a tendency for values to decrease with depth in soils 
exhibiting hydromorphism. Lowest values are associated with horizons 
of maximum sesquioxide accumulation . 
Values of bottomland soils are invariably higher than those of 
the surrounding uplands . The abrupt transition between horizons of 
the ESTCOURT series (profile 43) is also well illustrated. Furthermore, 
the degree to which soil series lying adjacent to one another in the 
same landscape may differ in lime status, is suitably demonstrated by 
the values of the WILLIAMSON and ARCADIA series (profiles 46 and 47). 
The values for profiles 39 and 40 of the ARRoCHAR series are 3.87 and 
3.33 respectively. These are consistent with the previous finding that 
El-association soils near Merrivale are different from those near Mooi 
River. 
ii) The influence of land-use practice on potassium and lime status 
Sumner (1965b) s tressed the need to establish threshold levels 
of labile K consistent with optimum crop yields (for each soil series). 
With this in mind, studies were co~ducted to investigate the influence 
of fertilization and current farming practice on the inherent K and l i me 
status of selected farm fields and experimental sites. Woodruff (1955) , 
however, pointed out that the plant, in the final analysis, should be 
the criterion by which a medium is judged as a suitable substrate for 
growth. Energies of exchange (6F) were also determined in this study . 
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Studies of selected experimental sites: A number of experimental 
sites were studied prior to th e po t assium and lime status investigation 
of farm fields throughout the Area . Two of these on the Loskop series 
were long-standing maize experiments at Cedara. Details of the 
various treatments and the related parameters are summarized in Appendix 
3. 
The results show that AKo i ncreases proportionally to the amount 
of K applied and support the findings of Ie Roux (1966) and Skeen (1968) . 
o 
Furthermore, increasing amounts of lime, as expected, reduced AK and 
ARK and. increased PBCK. 
e 
The increase in PBcK is explained by an 
increase in net CEC and saturation with exchangeable (Ca+Mg) (Beckett, 
1964b; Tinker, 1964; Skeen, 1968). The dependence of CEC on pH is 
K 
indicated by the linear relationship (r = 0.903***) between PBC and pH 
also shown in Appendix 3. 
Exceptionally heavy applications of lime were found to reduce the 
amount of labile K considerabl~ even where 150 Ib KCl/acre was applied. 
Although this finding supports previous reports (MacIntire, et al., 1936; 
Ludorf & Channon, 1965), MacLe~n (1956) found applications of lime to 
have little effect on exchangeable K. Skeen (1968) concluded that the 
labile pool is little affected by liming but noted that heavy applications 
to acid soils, low ~n freely available K, may tend to aggravate further 
the poor supply of K to plants. K fertilizers applied to heavily limed 
soils generally result in a relatively easier supply of K to plants than 
under acid conditions. The five-year average yields for the respective 
treatments given in Appendix 3 substantiate these views. 
A marked residual effect of lime was noted in this study. 
Although in one experiment lime treatment had terminated 9 years prior 
to sampling, the highest level of lime continued to depress yield. The 
danger of 'overliming', even the highly and considerably leached clayey 
soils, is thus evident. 
The AF values illustrate the importance of a satisfactory balance 
between K and Ca. In most instances, values of less than -3500 calories , 
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are associated with highest yields . Irrespective of the amount of K 
applied, the values for the highest levels of lime exceed the threshold 
value of -3500 calories establi shed by Woodruff (1955) and confirmed by 
Koch (1968). These values also suggest that K deficiency is one of 
the main causes of reduc~d yields on the high lime .plots. 
An interesting result of the second experiment is the tendency 
for PBCK to decrease with increased rates of applied K. This result 
is not consistent with the findings of other workers and cannot be 
satisfactorily explained (Beckett , 1964b; Skeen 1968; Zandstra & 
MacKenzie, 1968). A close relationship between L\K
o 
and h F was 
established from the values of samples from this site. The highest 
mean yield of 25 bags/acre resulting from an application of 150 Ib KCl/ 
acre is associated with toK O and 6 F values of 0.22 me% and -3229 
calories respectively. 
Generally , the Cedara experiments show that, on the Loskop series, 
+ / 0 K highest yields (- 25 bags acre) are associated with 6K and AR values 
e 
exceeding 0.20 me% and 0. 005 (moles/litre)! respectively. By the end of 
the season, however, - 6K o values are generally between 0.05 and 0.1 me%. 
Nevertheless, soils differ widely in their ability to supply K. For 
example, Skeen (1968) established a critical - toK O value of 0.18 me% for 
the CLOVELLY series and found that certain highly leached soils could 
'fix' between 20 and 40 percent of applied K. Such properties are not 
normally taken into account in fertilizer treatment. It has also been 
shown that on the Clifford series the pool of labile K ( to Ko) should 
fall between 0.22 and 0.28 me% (i . e . 175 and 225 Ib K/acre) for adequate 
K nutrition of maize (Koch , 1968) . This level is, however, dependent 
on the lime status . 
The LP values for samples from both experimen~ are not consistent 
for different levels of K but clearly reflect the lime status. Values 
associated with satisfactory yields lie between 4.0 and 4.5 while values 
exceeding 5.0 are generally associated with depressed yields resulting 
from overliming . In a separate experiment investigated at Cedara LP 
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values were found to drop consistently with successive crops of maize 
following an initial application of lime. The annual drop was 
approximately 0.1 to 0.2 units. The amount of lime required to maintain 
a constant LP value would have to be established experimentally . 
Studies of selected farm fields: For the purpose of this 
investigation the paired samples were analyzed. Where possible, all 
relevant data relating to cropping practice, fertilization and yield 
were considered. The results, together with details of the most recent 
cropping practice and the fiye-year average amounts of Kand Ca applied 
to the cultivated fields, are presented in Table 15. The values for Ca 
include the small amounts applied in materials other than lime. Fig.3 
shows the effect of land-use practice on the a/I relations of selected 
soils. 
A significant correlation (r = 0.896***) between 1:1 KO and ."1. F 
was established for the whole range of samples, including soils differing 
widely in degree of leaching and landscape position. The quadratic 
regression is presented in Appendix 4. In terms of the fitted curve the 
optimum range of -2500 to -3000 calories given by Woodruff (1955) 
corresponds to t..Ko values of 0.70 to 0.35 me% respectively. The mean 
6. KO and 6. F values for all fields known to have produced at least 20 
bags maize per acre correspond to 0.21 me% and -3300 calories per 
equivalent respectively. It is concluded from the study that A F is a 
• parameter worthy of further investigation as was previously recommended 
by Koch (1968). 
The study of carefully selected farm fields is of particular 
value in an extension programme. For instance, a most striking feature 
of the study is the extent to which current farming practice has 
exploited inherent fertility. In fact, the results amply support the 
claim by Orchard (1964) that there is urgent need to halt the widespread 
decline in fertility status in most arable soils. Examples of such 
exploitation are clearly illustrated in Fig.3(i). Furthermore, a state 
a of extreme exhaustion is indicated by the positive 1:1 K values and the 
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~F values of between -4200 and -4500 calories obtained for several 
f i elds . I n over 80 percent of the arable fields, the K status i s 
below that of the virgin soil s . Mean t:. K
O and 11 F values for the 
culti vat ed soils ar e 0 0 19 me% and - 3472 calories respecti vel y. 
Corresponding values for virgin soi ls are 0 . 39 me% and -3050 calories 
respectively. The largest drop in K status occurs among the partially 
leached soils and is partly attributed to poor -fertilizer practice. 
The average annual amount of K applied to the highly and partially 
leached soils was approximately 54 Ib and 25 Ib K/acre respectively . 
In terms of this study the K status should be maintained at a 
level similar to that of the virgin soils. However, as yield horizons 
increase these levels may require adjustment. . The critical -3500 
calorie limit corresponds to a t:. KO value of 0.15 me%. 
K In 70 percent of the cases PBC values are highest for cultivated 
soils. The margin, though small, is attributed to liming and the 
depletion of K by exhaustive cropping . Liming is commonest among the 
highly leached soils where the average LP values for cultivated and 
virgin soil samples are 3.51 and 3.28 respectively. In this case the 
average amount of lime applied is equivalent to 225 Ib Ca/acre. A 
reverse situation occurs among the partially leached soils. Here, the 
mean value of the cultivated soils {3.62) is lower than that of the 
virgin soils (3.74). 
91 Ib Ca/acre . 
On the average, cultivated soils received only 
Ignoring other principles in liming it is apparent t hat t he 
inherently low LP values of the highly leached soils (± 3.0) should be 
raised to at least 3.5 for successful maize production. The relevant 
farm records suggest that LP values can be raised to this value provided 
basal applications of lime do not drop below 800 Ib Ca/acre or annual 
applications over several years are not less than 400 Ib Ca/acre. 
These values are, however, lower than lime requirements established by 
soil testing . 
With the partially leached soils LP values should be mai ntai ned 
46 
at, or slightly above, the inherent or natural values viz., between 3.5 
and 4.0. Farm experience and recorded data suggest that an annual 
application of approximately 100 Ib Ca/acre will suffice for this 
purpose. Sample 17a in Table 15 shows that on the SHoRTLANDS series 
a value of 3.5 was recorded despite five years of cropping without lime. 
In the SoUTHWoLD series (sample 23), however, the value dropped from 
3.6 to 3.2 over a period of 10 years, despite an annual application of 
approximately 77 Ib Ca/acre. The need for judicious liming on light 
textured soils is also indicated by the LP values of the LEKSAND 
variant. In this case the value increased from 3.7 to 5.2 with an 
average annual application of only 115 Ib Ca/acre. Results for the 
Ladysmith series indicate the ability of the margalitic soils to maintain i 
a fairly constant LP value despite regular cultivation without lime. 
lime status. The influence of agronomic practice is apparently slight 1 Generally, the bottomland soils have the most favourable K and 
since 6 KO values for the KATSPRUIT and IVANHOE series were still 0.24 
me% and 0.29 me% respectively after at least 5 ye~rs of intensive cropping 
without the application of potassium. 
The results of this study also endorse the importance of soil 
classification. The need for treating individual soil series according 
to their management needs is well illustrated by the very different K 
status of the Weston (16a) and SoUTHWoLD (24a) samples shown in Fig.3 
(ii) • These soils occurred within the same field and received the same 
treatment for many years. A further example of marked series 
differences is presented in Fig.3(iii). 
The high amount of exchangeable K obtained where manure was 
applied is an interesting result. o The I:l K value of 0.51 me% for 
sample la is attributed mainly to the application of 5 tons kraal manure 
per acre. It is also apparent that the continual removal of veld hay 
reduces the labile pool markedly as indicated by a comparison between 
o 
L\ K values .of samples 6 (0.30 me%) and 7 (0.04 me%). These samples 
represent grazing and hay camps respectively. The extremely acid 
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conditions of the hay camp sample is also indicated by the very low LP 
value (2.96). Experience in the Area has shown that crops planted on 
land previously used exclusively for the production of veld hay often 
make extremely poor growth until high levels of lime and fertilizer 
are applied . 
The study also shows that critical limits, or low threshold 
values, should be determined for specific crops. Although fairly 
precise limits are required for crops such as maize, it is clear that 
Eragrostis curvula has a remarkable ability to yield satisfactorily over 
a wide range of soils and plant nutrient status. In many cases the 
levels of K and lime of fields sown to this grass were much below the 
threshold values for maize. Table 16 shows the K and lime status of 
several fields and the yields of hay as measured by the farmers. 
Table 16 Potassium and lime status of selected fields of 




Yield I I Field relations of Lime tons hay I I (Soil series) exchange potential 
t. KO ARK PBCK I , e /..o F 
per acre · 




Lidgetton (+0.03) 0.002 17 -4256 3.06 4 
I 3. Weston (+0.02) 0.001 25 -4450 3.27 2.5 , 
I 
/4. BERGVILLE (+0.05) 0.001 29 -4393 3.27 3 j 
The values in Table 16 in no way constitute recommendations for 
the production of E.curvula, but are shown merely to indicate the 
abilitY , of the grass to grow satisfactorily under conditions of low 
fertility and extreme acidity. In each case the fields could no 
longer support economic returns from maize and were then sown to the 
ley. The positive o ~K values suggest that the grass utilized 
reserves of K released from specific sites. 
The suitability of highly leached soils for potatoes is best 
illustrated by sample lIb in Table 15. This field, despite an LP value 
of only 3.1, yielded over 200 bags per acre. The production of clover 
proved most successful where LP valu~s exceeded 3.5. .In general, the K 
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and lime status required for high-yielding clover pasture is similar 
to that for maize. 
2.2 Studies of lime, phosphorus and potassium in selected soils 
The low inherent fertility status of the highly leached soils 
coupled with the lack of elementary scientific information has led to 
low crop yields, an accelerated rate of erosion and many unprofitable 
farming ventures. The problem of P-deficiency throughout the Area 
and the presence of latent toxicities on the highly leached soils, 
makes the determination of optimum lime and phosphorus application 
rates for the major soil series an essential first step in promoting 
improved land-use practice. To investigate these problems and to aid 
the assessment of the soil resources several pot experiments were 
planned and conducted under controlled environmental conditions. These 
were managed in accordance with the procedures outlined by Graven (1967). 
In each case nutrient additions were applied on the basis of an acre 
six-inch being equivalent to 2 x 106 Ib soil. 
It should be noted that the effects of subsoil horizons were not 
taken into account in these experiments. However, they may influence 
crop growth considerably by supplementing nutrient elements which may 
be~eficient in the topsoil, or by presenting a highly infertile medium 
for root growth. Although crops are known to differ widely in their 
susceptibility to the harmful effects of soil acidity, it was convenient 
to use a single indicator crop in the three studies undertaken. 
1) Crop response to applications of lime, ph9sphor~s and potassium 
In this first study the soils were selected to cover a wide 
range of chemical and morphological characteristics. For this reason, 
8 each of highly and partially leached soils were included in the 
experiment. 
(i) Materials and methods 
AI-horizon samples (0-8") were collected from representative 
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modal profiles throughout the Area and were screened through a 1 cm 
sieve before being subjected to chemical and physical analyses. Certain 
of the measurements were repeated after equilibration with lime. pH 
values were .also recorded at fortnightly intervals throughout the 
equilibration period. The relevant analytical data are presented i n 
Appendix 5. 
The exchangeable aluminium content was determined usi ng the 
method described by Reeve and Sumner (1969) and high values were 
obtained for most of the highly leached soils. Only the SOUTHWOLD 
and ARROCHAR series of the partially leached group contained measurable 
amounts of aluminium . Values of the unamended samples were also found 
to increase over the equilibration period. Lime requirements to pH 
6.0 were detrrmined using the SMP buffer method (Schoemaker, McLean & 
Pratt, 1961). 
Treatments: Four levels of lime (precipitated CaC0 3) were applied to 
both groups of soils although the rates of application were less in the 
case of the partially leached soils. The lime was thoroughly mixed 
with the soil and samples allowed to equilibrate for four months. 
During this period the moisture content was kept at near field capacity. 
Details of the lime treatments are given in Table 17 and include the 
equivalent amounts of commercial lime calculated according to liming 






Table 17 Quantities of lime (tons/acre) applied to highly 























































The same rates of phosphorus and potassium were applied to both 
groups of soils. Four levels of commercial grade powdered super-
phosphate (S.3%P), were applied at the following rates: 25(Pl), 50(P2), 
lOO(P3) and 200(P4) Ib P/acre. The potassium treatment consisted of 
applying muriate of potash at a rate of 150 lb K/acre (K2) to half the 
number of pots. The remainder of the pots received no potassium (Kl) . 
These fertilizers were applied immediately prior to planting. A 
standard application of nitrogen, equivalent to 1000 lb N/acre, was 
applied in four equal dressings during the period of growth and all 
pots received a mixture of trace elements at rates recommended by Graven 
(1967). 
Small undrained pats containing an equivalent of 1 Kg dry soil 
were used. The pots were rotated at 3-day intervals to reduce the 
effects of light and temperature gradients in the glasshouse and the 
moisture content of the soil was kept at field capacity. Sorghum 
sudanense c.v. Trudan was 'used as .the .indicator crop. The experiment 
was harvested 46 days after planting and the material dried to 
constant weight at SOoC. 
(ii) Resylts and discussion 
(a) Highly leached soils: Problems associated with P-fixation 
and/or Al toxicity were evident from the results. Very poor growth 
resulted from the LO and/or low P treatments and the plants were 
characterized by isolated water soaked lesions and considerable scorching 
of the leaf tips. This effect was compounded by the development of an 
anaemic yellow colour, not unlike iron deficiency in solution culture 
experiments, where no lime was applied to soils of high exchangeable Al 
content. 
The response of Trudan to lime and phosphorus on a selected number 
of soils is illustrated in Plate 1. Table IS shows the mean yields of 
each of the highly leached soils arranged in descending order. Yield 
values joined by the same line are not significantly different at the 
indicated levels. 
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Mean yields (gm/pot) of Sorghum sudanense 
grown on eight highly leached soils 
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There i s a close relationship between the yields presented in 
Table 18 and the exchangeable Al values determined for the field 
samples of each soil. However, since exchangeable Al values for the 
GRIFFIN (humic), FARMHILL and BALMoRAL series (nos. 6 to 8) are all 
below 0.3 me% and the values for the remainder of the soils all exceed 
0.6 me%, and in most cases are above 1.0 me%, the results suggest that 
P- fixat i on and not Al toxicity is probably the main cause of the low 
yields obtained on the named soils . Al toxicity is considered 
the main limitatio~ on the remaining soils. Both phenomena probably 
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apply in varying degree to all the soils studied (Reeve & Sumner, 1969). 
The high yields obtained on the CLEVELAND and HUTTON series indicate 
that certain corrective treatments can render these light textured soils 
hi ghly productive. Fig 04 illustrates the most important interactions 
resulting from this experiment . 
On the average there was a very highly significant (P<o.ool) 
increase in yield for each additional ton of lime applied although the 
response was curvilinear (Ll - Lo = 0.799**, L2 - Ll = 0.135*, L3 - L2 = 
Lowest and highest yield responses to lime were obtained at 
the PI and P4 levels of application respectively with the largest yield 
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increases in yield resulting from added increments of P, for each level 
of lime, are shown in Fig.4b • The average response to lime was not 
• consistent for all soils and is indicated by Fig.4c. The average 
response to 1 ton of lime applied was significant for the CLEVELAND 
(P<O.OOl), HUTTON (P<O.OOl), BALMORAL (P < O.Ol), Lidgetton (P<O.Ol) 
and GRIFFIN (p< 0.05) series. The CLEVELAND (p < 0.01) and HUTTON 
(P<0.05) series were the only soils to respond significantly to the 
L2 - Ll level and only the former (p < 0.01) to the L3 - L2 level. A 
significant (p < 0.01) negative response was obtained at the L3 - L2 
level in the case of the CLOVELLY series. Several of the other soils 
showed similar trends although the results were not significant. It 
appears, therefore, that there is a potential danger of 'overliming' some 
highly leached soils when the rate of application approaches 4 tons 
Highest yields were generally associated with an application 
of 2 tons CaC0 3/acre, although higher levels were required to produce 
maximum yields on the CLEVELAND and GRIFFIN (humic) soils. 
One of the main effects of the lime treatment was to reduce Al 
toxicity. Exchangeable Al values associated with the highest yielding 
lime treatments were, in each case, found to be less than the 'critical 
value' of approximately 0.2 me% established by Moschler, Jones and Thomas 
(1960) and Reeve (1969). Beneficial effects of liming are commonly 
ascribed to the immobilization of Al (Jackson, 1967). In similar vein 
Reeve and Sumner (1970), who studied a similar range of Natal soils, 
claimed that the primary function of ameliorants was to eliminate Al 
toxicity. They found amelioration of little effect on P 'availability'. 
On the other hand, several workers including . Robertson, Nel1.er .. and 
Bartlett (1954), have reported an increase in P 'availability' following 
the liming of soils high in sesquioxides. However, the.-effect of li~e 
on P 'availapilityl, d,id hot form part of this investigation but warrants 
further investigation. F~rthermore ~ .no .attempt was made to study the f 
infl~ence bf iron compoUnds onP-fixation although .it is likely, ' 
especially ' among'. "'the .. rsd. soils .. (e. g,. 8ALMO~AL seri.es), that t .hese 
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compounds are closely related to the problem. 
No definite explanation can be offered for the reduction in yield 
at the highest levels of lime. Such results are generally associated 
with either the precipitation of relatively insoluble P-compounds or 
trace element deficiencies. At first glance, the former reason would 
seem the most plausible since a standard dressing of trace elements was 
applied to all soils. However, despite having applied all essential 
trace elements to their experiments, Reeve and Sumner (1970) offered 
induced trace element deficiency as the most likely explanation for the 
depressed yields they obtained. 
The very marked increases in yield resulting from added increments 
of P are shown in Fig.4d. A very highly significant (p < 0.001) increase 
per 25 Ib/acre increase in applied P was obtained for the whole experiment 
although the response was not the same for all soils. It did not appear 
as though the upper limit for the highly leached soils had been reached 
even at the P4 level (200 Ib P/acre). Furthermore, the yield response 
at this level was particularly noticeable when no lime was applied. In 
this respect it should be noted that the addit~on of P to acid soils can 
overcome toxic effects of Al (Jackson, 1967). Woodruff (1967) suggested 
that the concentration of soluble P modifies Al toxicity through the co-
precipitation of compounds having very low solubilities. This effect, 
and the increase in plant available P, offer likely explanations for the 
observed increases in yield for the LoP4 treatment. 
The HUTTON (P --:" o.Dl), CLEVELAND (P<o.ol), CLoVELLY (P --: 0.01) and 
GRIFFIN (P < 0.05) series responded significantly to applied K. The 
initial level of K in each of these soils was less than 0.4 me% or 
amounted to less than 3 percent of the cation exchange capacity. On the 
basis of these values the GRIFFIN (humic) soil should also have responded 
to K yet no significant increase in yield was observed on this sample. 
It should be noted, however, that the response to K was influenced by the 
level of P. Fig.4e shows clearly that the addition of 150 Ib K/acre 
produced significant increases in yield only at the P3 (P < 0. 05) and P4 
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(p < 0.001) levels. Where threshold values are to be established they 
should therefore be related to the level of P. The average ~esponse 
to 25 Ib JP was very highly significant for both pata~sium _ traatments . 
(b) Partially leached soils: By comparison with the former 
group, these soils produced higher yields and ehawed, poDrer 'i'espanse to 
lime. There were no t significant responses to potassium. Fig.4f 
shows that all soils responded significantly to phosphorus although, at 
the P4 level, the upper limit had apparently been reached. The 
Jagersdrift series was the only soil for which the yield increase ~t 
the P4 - P3 level was not significant. Crop responses to lime and 
phosphorus on a number of partially leached soils are also shown in Plate 
1. 
The mean yields of dry material from the eight partially leached 
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The generally high yields are Btt~ibut~d ·~ainl~ to the absence of 
Al toxicity and less severe P-fixation. The low yields from the 
SHORTLANDS and Bellevue series are, however, probably the result of P-
fixation. contrary to expectations the AVALON series produced poorly. 
Reasons for this include unfavourable physical characteristics of the 
soil resulting in severe compactiori, overliming and the possibility of 
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trace element deficiency or Mn toxicity. The very high yield obtained 
from the SPRINGFIELD series again reflects the less complex fertility 
problems associated with the light ' textured soils. 
Responses to lime were not generally significant although 
incr.eases in yield at the lower levels of application were noted on 
some soils. The average response per ton of lime applied was 
significant only in the case of the SOUTHWOLD series which was also 
the only partially leached soil to contain a moderate level of exchange-
able Al. On the other hand, highly significant negative responses to 
liming were recorded on the AVALON (p< 0.001) and Jagersdrift (p < 0.01) 
series. In the case of the RENSBURG series a significant negative 
response occurred at the L3 - L2 level. There i~, . therefore, ca potential 
danger of overliming certain partially leached soils by using standard 
rates of application. The study indicates that in most cases 
applications of lime should not exceed 1 ton CaC0
3
/acre. 
are generally between 0.5 and 0.75 tons lime/acre. 
Requirements 
The results ~gain confirm that one of the main functions of liming 
i s to eli minate Al toxi city. As with the highly leached soils the 
hi gher levels of lime were associated with reduced yields. The 
reasons for this can also be ascribed to either a reduction in P 
~vailabilitl or an induced trace element deficiency. Robertson et ale 
(1954) reported that liming soils low in sesquioxides had no effect on P 
'availability'. 
The overall mean yields for the highly and partially leached 
soils were 2. 26 and 4. 09 gm/pot respectively . The severity of P-
fixation and Al toxicity associated with the former group is thus clearly 
indicated~ It should also be noted that several studies supervized by 
Sumner
l 
have ~ hown that P-fixation in acid soils can be extremely rapid, 
even withi n hours after fertilizer application. P-fixation is 
apparently most severe on the red,clayey soils and humic phase soils. 
1 
M. E. Sumner, Dep. Soil Science, University of Natal - p~tsonal 
communication 
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Responses to lime on these soils were not as marked as those on the 
yellow-brown (81-association) soils, which are more aluminous in 
character. According to van der Eyk et al e (1969) the capacity for 
P-fixation on the r~d, ! highly leached soils is primarily a function of 
the degree of crystallinity rather than of the total quantity of free 
sesquioxides. Generally, crystallinity increases and P-fixing ! 
capacity decreases as the degree of leaching becomes less intense. 
The yield data suggest that the grey-brown soils such as the SoUTHWoLD, 
ARRoCHAR and SPRINGFIELD series are least associated with the harmful 
- effects of P-fixation or Al toxicity. 
Since the 81-association soils are particularly widespread in 
the Area, liming will be an essential corrective treatment on many 
. IV 
farms. The writer supports Reeve and Sumner (1970) in their claim that 
recommendations for liming should, to a large extent, be based on the 
amount of lime required to inactivate the exchangeable AI. In 
practice lime should be well mixed with the soil and should be placed 
as deep as possible (Reeve, 1964). However, because of their extremely 
infertile subsoils, deep ploughing cannot be strongly recommended for 
highly leached soils unless, in doing so, all of the tilled soil is 
adequately ameliorated. 
Measurements of pH show that there is little advantage in liming 
the highly leached soils to a value above pH 5.5, corresponding to a 
base saturation of approximately 40 percent. A similar 'critical pH 
level' has already been nbted by other workers (Adams & Pearson, 1967; 
Fisher, 1969; Reeve, 1969). On the average one ton caC0 3/acre increased 
the pH value of the clayey and loamy highly leached soils by 0.15 to 0.2 
units and 0.2 to 0.4 units respectively. Corresponding values for the 
partially leached soils were approximately double these amounts while 
for sandy soils the rise was between 0.7 and 0.9 units per ton. 
Generally, the amounts of lime associated with the highest yields were 
approximately a third of the values calculated by the SMP method . 
Similar findings were reported by Reeve and Sumner (1970). 
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The relationship between several physical and chemical criteria 
and yield were determined by multiple regression analysis. The result 
of one of these determinations, in which the data for both groups of 
soils were pooied, : is presented "in Apperidix 6. A sigMificant (P < O.Ol) 
negative correlation between yield and organic carbon content is 
particularly noteworthy and supports the writer's views that this 
aspect warrants further investigation. A similar correlation was 
determined between yield and exchangeable Al content. Significant 
positive correlations were established between yield and base saturation 
and pH. Significant correlations between the soil criteria themselves 
require no further explanation. 
Certain conclusions drawn from this study may be invalidated 
since the growth of Trudan on many of the soils was extremely poor. 
Nevertheless, the marked linear responses of all soils to applications 
of phosphorus up to 200 Ib P/acre suggest that a different method of 
application could result in more economical fertilizer programmes. 
This aspect forms the basis of the following study. 
2) Crop response to different methods of applving phosphorus to 
selected highly leached soils 
Following t~e poor growth observed on the highly leached soils 
in the previous study it was decided to compare the effects of two 
methods of applying the phosphorus. 
(i) Materials and methods 
The eight highly leached soils from the previous study were again 
used after most of the root material had been removed by screening 
through a 1 cm sieve. 
Treatments: Despite the somewhat low pH values recorded at the 
termination of the previous study, probably the result of acidification 
due to cropping and salt effects, no additional lime was applied. Thus, 
the four original levels of O(LO), l(Ll), 2(L2) and 4(L3) tons CaC0
3
/ 
acre were retained. Four levels of phosphorus (powdered commercial 
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grade superphosphate - 8.3%P) were either broadcast (81) and thoroughly 
mixed with the soil or were placed in a narrow concentrated band (82) 
one inch below the seed. The levels were 25 (Pl), 50 (P2), 100 (P3) 
and 200 (P4) lb P/acre and a total 1000 lb N/acre was applied in four 
equal dressings during the growth period. 
Twenty seeds of Sorghum sudanense c.v. Trudan were planted 
directly above the band of P-fertilizer and thinned, as soon as possible, 
to a final stand of 15 plants per pot. The same planting method was 
adopted for the broadcast treatments. The. crop was harvested 46 days 




(ii) Results and discussion 
A mean difference of 2.43 gm/pot between the two methods of 
application was obtained and was very highly significant (p ~ 0.001) in 
favour of band placed fertilizer. This result was similar for all the 
soils and again indicated the severity of P-deficiency among the highly 
leached group. The marked increase in yield resulting from the band 
treatment is attributed mainly to the reduced surface contact between 
soil and fertilizer. 
Plate 2 illustrates the general crop response to the two methods 
of applying phosphorus and to various levels of lime and superphosphate 
on the GRIFFIN series. It will be observed that the no lime - low P 
broadcast treatments again resulted in extremely poor growth. The 
plants revealed an~naemic colour similar to that reported in the 
previous study. 
Special note is made of an abnormal leaf symptom observed on 
plants grown on the no ·lime - banded treatments. These symptoms were 
particularly evident on the CLEVELAND, GRIFFIN and GRIFFIN (humic) soils. 
Although the growth was much improved at higher levels of P the symptoms 
remained. However, at the P4 level, or, where lime had been applied, 
the symptoms were hardly noticeable. The general chlorotic appearance 
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Plate 3 
- ------
Typical chlorotic appearance of Trudan (Sorghum 
sUdanense) associated with a no lime - banded 
phosphorus (PI) treatment - CLEVELAND series 
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I 
Plate 4 Chlorotic appearance of Trudan (Sorghum sudanense) 
leaves associated with a no lime - banded 




Plates 3 and 4 respectively. 
Manifestation of these symptoms is difficult to explain but may 
be related to Al toxicity or a particular trace element deficiency 
(e . g. Zn, Mo, Mg, etc.) Apparently the chlorosis was not the result 
of Fe/Mn antagonism since analysis of the plant material revealed 
values well below the critical levels reported by Somers and Shive 
(1942). 
The mean yields for each soil (in descending order) and for 
both oethods of application a~e shown in Table 20. The differences 
in yield due to method ' of 'application were very highly significant for 






















Effect of two methods of applying phosphorus on 
the mean yields (gm/pot) of Sorghum sudanense 
c.v. Trudan on selected highly leached soils 




(gm/pot) B2 B2 in yield 
(1) 
Broadcast Banded , (2) 
, 2.96 I 1.26 4.65 3.39 (1) 
2.90 1.66 4.14 2 '~8 ( 4) 
2.85 1. 78 3.92 2.14 (6) 
2.80 1.45 4.14 2.69 (2) 
2.79 1. 61 I 3.97 2.36 (5) 
2.28 0.97 , 3.60 2.63 (3) Lidgetton i I 
BALMORAL I 
I 
(8) 2.16 1. 29 I 3.04 1. 75 
GRIFFIN 1.94 0.95 2.92 1.97 (7) 
(humic) I 
(1) LSD's: 0.32 (p< 0.05); 0.43 (p< 0.01); 0.56 (p< 0.001) 














The marked response to band placed P-fertilizer on all soils is 
reflected in Table 20 and Fig.5a. The mean yields of the first five 
soils (1 to 5) are not significantly different from one another an~ 
suggest that banding, to some extent, eliminated the effects of the 
individual soil characteristics previously observed. The response to 
band placement was greatest on the FARMHILL series which in the previous 
study was associated with severe P-fixation. In contrast, the 
responses on the BALMORAL and GRIFFIN (humic) soils, also associated 
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with severe P-fixation, were the poorest of the group. Although the 
reasons for this were not established it is possible that other factors , 
such as iron and organic compounds, influenced the availability of 
phosphorus. 
Fig.5 illustrates the interactions that attained significance. On 
the average there was very highly significant (P<O.OOl) response to 
each 25 lb/acre incre~ent of P for both methods of application over all 
levels of lime . Fig . 5a shows that, with the exception of the P2 - PI 
level of the broadcast treatment, yield increases were highly 
significant for all other levels of P, irrespective of the method of 
application . Fig.5b shows the effect of P at different levels of lime 
for both methods of application. The results of the broadcast and 
banded treatments on individual soils are shown in Fig.5c and Fig . 5d 
respectively. 
Clearly, method of application on the highly leached soils has 
important economic implications. Within certain limits, highest 
economic returns from the use of limited quantities of soluble p-
fertilizer result from band placement. It has been shown in other 
studies that half as much P-fertilizer is generally required to produce 
a given increase in yield if it is banded rather than broadcast 
(Tisdale & Nelson, 1966). Fig.5a shows that, on the average, scarcely 
more than 50 lb P/acre banded was required to produce a similar yield 
to 200 lb P/acre broadcast . Furthermore, the upper limit had 
apparently been reached with a rate of 200 lb P/acre when the fertilizer 
was banded (Figs . 59' 5b and 5d). This was not the case when the 
- fertilizer was broadcast (Fig.5a) . 
On the average there was avery highly significant increase in 
yield for each a.~ditional ton of lime applied although the response was 
not consistent over all levels (ll - lO = 0.95***, l2 - ll . = 0.28*, 
l3 - l2 = 0.23*). The effect of lime was essentially similar to that 
observed in the previous study eng suggests a considerable residual effect 
from the original lime treatments. The average response to a one ton 
o 
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per acre increase in lime was not consistent for all soils but signifi-
cant responses were obtained on the HUTTON (p< 0.001), GRIFFIN 
(P<O.OOl), CLEVELAND (p< 0,.001), CLOVELLY (p< 0.001) and GRIFFIN 
(humic) (p< 0005) series. There was a general depression of yield 
at the L3 ~ L2 level but was significant only in the case of the 
CLEVELAND series (p< 0.01). This result was particularly noticeable 
at the higher levels of P. 
A significant (p< 0.05) negative response resulted from an 
average application of one ton CaC03/acre on the BALMORAL and FARMHILL 
series when the P-fertilizer was banded. This was probably due to 
either the immobilization of P in the presence of added calcium or an 
induced trace element deficiency. It is possible that the amounts of 
trace elements applied to the experiment were inadequate since, in a 
recent study supervised by Gravenl , zinc was found to become deficient 
in maize despite an initial application similar to that used in this 
investigation. 
The benefits of band placement were particularly noticeable where 
no lime was applied. Reasonable explanation for this is offered by 
the findings of Ragland and Coleman (1959). They found that plants 
having part of their root system in a non-toxic medium which favours 
growth are better able to withstand the adverse effects of Al 
concentrations in the vicinity of the other roots. Furthermore, it 
is likely that the toxic effects of Al would have been reduced in the 
zone of the band by the high concentration of soluble ~ (Jackson, 1967; 
Woodruff, 1967). This phenomenon also partially explains the marked 
increase in yield and improved root growth associated with no lime - P4 
broadcast treatments over lower levels of broadcast P. 
Plate 5 illustrates the effect of selected treatments on root 
development in the GRIFFIN series. The beneficial effect of banding 
in the absence of lime and the improved root growth resulting from high 
1 
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levels of broadcast P and lime can be seen . The poor development 
in the unlimed soil is mainly attributed to the high concentration of 
AI, a phenomenon also reported by Graven and Theron (1969). 
It is concluded from the results of this study that band 
placement of P-fertilizer can be strongly recommended for the highly 
leached soils. However, the effects of Al toxicity should first be 
eliminated by liming. A critical appraisal of the economic aspects 
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related tb the m.ethbd 'of ~ ,'applying phosphorus is most desirable and 
applies equally well to the partially leached soils although, in this 
case, a repeat of the spectacular results obtained on the highly leached 
soils is unlikely. Furthermore, broadcast application of P on the 
drought~ partially leached soils would have the advantage of encouraging 
a deep, well-distributed root system. 
Many related aspects require further study. These include 
acidulation within the band, the use of granulated fertilizer which 
has a similar effect to banding if the granules are large (Tisdale & 
Nelson, 1966) and the various methods and depths of applying different 
types of P-fertilizer and lime. An economic study of the use of 
different types of P-fertilizer is of particular importance since the 
practice of applying less soluble forms of P-fertilizer (broadcast) is 
common throughout the Area. 
3) Clover response to lime and phosphorus on a humic phase soil 
Humic phase soils occur extensively in the Highland Sourveld 
(Chapter 1) where they are used for the production of potatoes and high 
quality pastures. Field experience shows that the clover constituent 
of many mixed pastures swards soon dies out after establisnmeot or 
produces poorly throughout the life bf tre pasture ~ " On the ' basis of 
the previous studies it 'is obvious that the problem is most likely 
associated with severe P-fixation. A preli mi nary ~nvestigat~on was 
planned since clover-based pastures are strongly recommended for ' these 
soils. The object was to determine the response of ladino clover 
(Trifolium repens) to lime and phosphorus when grown, on a loamy, humic 
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phase soil of the CLOVELLY 'series. 
(i) Material and methods 
The study comprised two simple pot trials each with two 
replicates. A bulk soil sample of the AI-horizon (0_9 n ) was collected 
from a modal profile and analyzed. .Several important features were r 
revealed including an extremely high organic carbon content (8.2%), a 
low plant nutrient status and very acid conditions. The percentage 
base saturation was 12 percent. 
Treatments: Treatments for each of the two trials were: 
Trial 1: Five levels of lime corresponding to O(LO), l(Ll), 
2(L2), 4(L3) and 8(L4) tons/acre of commercial ag,ricultural lime were 
applied. The neutralizing value of the lime containing 28.8 percent 
calcium and 0.35 percent of magnesium was 16.4 me/gm. After applying 
the lime the soil was equilibrated for a period of 90 days during which 
regular pH measurements were made. A standard dressing of phosphorus, 
equivalent to 200 Ibs P/acr~ was applied to all pots just prior to 
planting. Finely granulated superphosphate (8.3% p) was used. 
Trial 2: Superphosphate was thoroughly mixed with the soil 
just prior to planting at the following rates: 0 (PO), 50 (PI), 100 
(P2) and 200 (P3) Ibs P /acre. All pots received a standard dressing 
equivalent to three tons agricultural lime per acre and were then 
equilibrated for a 90 day period. 
Undrained plastic pots containing an equivalent of 3 Kg dry soil 
were used in both trials. Ladino clover seed was inoculated and 
equal amounts were planted in each pot. The moisture content in the 
pot was kept at near field .capacity throughout .the investigation. The 
clover was harvested ~t 60 and 96 days after planting ' and the material 
o oven dried at 80 C ahd weighed. 
Several addendum treatments were also included in the investigation. 
(ii) ~sults and discussion 
The mean pH values of the five lime treatments at the end of the 
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equilibration period were: 4.55, 5.15, 5.25, 5.55 and 5.80 respectively. 
The considerable drop in pH from an initial value of 5.15 to 4.55, where 
no lime was applied, is attributed to the formation of organic acids. 
With 1 ton of lime/acre the original value was maintained and with 
4 tons/acre the pH rose to 5.55, the value above which there is a low 
probability of significantly increasing yield by liming (Adams & Pearson, 
1967; Fisher, 1969; Reeve, 1969). 
threshold value. 
The yields obtained verified this 
Fig.6 and Plates 6 and 7 illustrate the main effects of lime and 
phosphorus on the yield of clover. 
In trial 1, the average response per one ton increase in lime was 
very highly significant (p< 0.001) although the response was not 
consistent over all levels. Fig.6 shows that the optimum level was 
approximately 4 tons of lime/acre although the response at the L3 - L2 
level was not significant. 
Despite the application of 200 P/acre the clover made very poor 
growth in the absence of lime. Apart from exceptionally severe P-
fixation it is also probable that the survival and multiplication of the 
Rhi zobi a were also prevented by the lack of lime. Benefits accruing 
to lime are thus associated with the neutralization of the extreme 
acidity, the improved calcium status of the soil and the improved 
functioning of the Rhizobia. 
In trial 2 the average increase in yield per 50 Ib/acre increase 
in P was very highly significant (p< 0.001). Fig.6 shows that maximum 
clover yields resulted from the application of 200 Ib P/acre although 
at this level it was apparent that the upper limit had not yet been 
reached. Furthermore, it can be seen that higher yields would probably 
have resulted had the lime treatment been increased from 3 to 4 tons/ 
acre. 
Plate 7 shows the response pattern to added increments of P. 
Where no phosphorus was applied the clover died out soon after germination. 
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of the clover and a vigorous growth over both the cuts. Graven and 
Theron (1969) found marked increases in yields of clover with increasing 
amounts of phosphorus although, in their study, the fertilizer was 
banded and the soil less humic. 
Yields from the addendum pots showed that there was no significant 
difference in response to the agricultural lime used and a dolomitic 
lime containing 21.1 percent calcium and 14.5 percent magnesium. A 
response to magnesium may have become more apparent had the trial been 
continued. Furthermore, the need for a soluble form of P-fertilizer 
for the rapid establishment of clover was clearly evident from a 
comparison made between superphosphate and calmafos (8.8% total p) in 
the presence of a standard lime treatment of 3 tons/acre. The less 
soluble P produced very poor initial growth but improved considerably 
by the second cut. First and second-cut yields for the superphosphate 
and calmafos treatments, each equivalent to 100 lb P/acre, were 5.40 and 
6.64 gm/pot and 0.3 and 5.14 gm/pot respectively. 
Despite its preliminary nature, the investigation indicated that 
clover-based swards can be grown very successfully on humic phase soils 
with judicious liming and adequate phosphorus. However, the lime 
requirement of clover deserves more critical study. Lime and p-
fertilizers are customarily broadcast and thoroughly mixed with the soil 
at establishment. Since the levels applied to these soils are often 
low, much of the ~~osphorus is soon rendered 'fixed' resulting in low 
production from the clover constituent. The results obtained in the 
previous study and that of Graven and Theron (1969) suggest that band 
seeding the clover constituent of the sward could have a decided 
advantage over conventional methods. A combination of broadcasting 
lime and rock phosphate and banding superphosphate should, from a long 
term point of view, prove highly successful. The granulated form of 
fertilizer used, although fine, probably acted in much the same way as 
a band treatment although Graven and Theron (1969) found that granulated 
superphosphate had no advantage over the powdered form. 
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Responses to lime and phosphorus may be considerably influenced 
by the current status of organic matter. Since there is usually a 
marked reduction in the organic carbon content following cultivation 
response patterns should, in fact, be related to the status of the -, 
organic fraction. 
2.3 Soil moisture characteristics 
Order was brought into the study of soil moisture and its 
availability to plants when the significance of chemical potential, or 
free energy, was recognized (Schofield, 1953). According to Gardner 
(1965), many early studies aimed at developing precise definitions and 
placing both plant and soil water energy concepts on a sound thermo-
dynamic basis (Schofield, 1935; Day, 1942; Edelfsen & Anderson, 1954). 
These studies formed the basis for the development of recent theoretical 
considerations and equations (Babcock & Overstreet, 1955; Bolt & Frissel, 
1960). 
Soil moisture is best expressed in terms of condition, or free 
energy, rather than on a quantity basis (Hill, 1965). The interaction 
between water and the soil solid phase is the most important of several 
forces influencing soil water. In practice, this effect may be 
expressed quantitatively by evaluating matric suction which is defined 
as: "the negative gauge pressure relative to the external gas pressure 
on the soil water, to which a solution identical in composition with the 
soil water must be subjected in order to be in equilibrium, through a 
porous permeable wall, with the soil water" (Sumner, 1965d). The 
common units for matric suction are centimetres of water, or bars, and 
it is usual for the negative sign to be neglected. 
Essentially similar considerations apply to soil water as to the 
potential measurements of ionic equilibria. A simple analogy is 
provided by relating soil water to the quantity-intensity relations of 
a particular ion. The amount of water in the soil, or the water lost by 
a soil if dried at 105
0
C, constitutes the pool or quantity (Q) of water 
at a common potential. 
factor (1). 
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Matric suction is equivalent to the intensity 
When a small amount of water is withdrawn from the soil there is 
a reduction in the potential of all water left in the pool. Conversely, 
water added loses its identity in the pool which then contains more 
water all at a higher potential (Schofield, 1953). Simply, the soil 
suction increases as the soil dries, and decreases as water is added. 
The relationship between water content and matric suction 'was 
originally described by Childs (1940) as the 'soil moisture 
characteristic' and is generally illustrated by a curve. The 
relationship may be influenced by many soil characteristics such as 
texture, structure, nature of exchangeabl~ ions and salt concentration 
and is also temperature dependent (Sumner, 1965d). 
The degree of wetness of a soil is thus expressed by the amount 
of water it contains at a given suction . A definite e~uilibrium 
suction is exerted by the soil which is dependent on its .T.0istur.e 
content, and also on whether it is wetting or drying. The hysteresis 
effect may influence soil moisture characteristics considerably, 
particularly in a soil exhibiting volume change with change in moisture 
content. All moisture characteristics described in this discussion 
were determined under drying conditions . 
Available moisture: Definition of upper and lower limits: Total 
available moisture (TAM) is the amount held between the water content 
at the upper limit (field capacity) and that at the lower limit 
(permanent wilting). Perusal of the literatur~ which was summarized 
in an excellent review by Gardner (1965), indicates that agreement on 
the definition and determination of the upper and lower limits is by no 
means unanimous. It is generally agreed, however, that water becomes 
progressively less available as water content decreases. Kramer (1963) 
noted that it is impossible to predict at what level soil water stress 
will limit plant growth unless atmospheric conditions, the kind of plant 
and its stage of growth are also considered. 
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Despite many soil conditions which may alter the upper limit 
from prescribed definition, field capacity is accepted as the amount of 
water held in the soil after excess gravitational water has drained 
away and the rate of downward movement of water has materially decreased 
(Peters, 1965). Salter and Howarth (1961a) showed that direct 
determination in the field was the most reliable method for critical 
studies while Hill (1965) proved conclusively that field capacity is 
not a standard tension for all soils. Wilcox (1962a) suggested a 
somewhat different approach to the definition of field capacity which he 
regarded as more realistic. According to this re-definition field 
capacity is "the upper limit of that range in soil moisture that is 
available for consumptive use, including all consumptive use from the 
time of irrigation but excluding all loss of water by drainage below 
root level". Determination of field capacity on this basis was 
developed in a series of studies by Wilcox (1959, 1960, 1962a, 1962b) 
and was also adopted by Hensley and Sumner (1967) in a recent study 
of several sandy soils. 
The lower limit is defined as the water percentage of a' soil 
when plants growing in that soil are reduced to a wilted condition from 
whi ch they cannot recover. Peters (1965) regarded the biological 
method as one of the 'oldest' techniques for determining the lower 
limit of available water and many stUdies have revealed that, especially 
in medium ·textured soils, the 15 bar percentage will sufficiently 
describe th~ permanent wilting point. Wilting point is not a true 
constant, or intrinsic soil property, s i nce the point at which plants 
wilt is controlled by rate factors, both supply and demand, and not by 
a unique retention value. At high values of soil water retention, 
however, the rate of water movement becomes so slow as to give an 
apparent retention value controlling wilt (Peters, 1965). 
In soil water-crop relationships it is necessary to consider 
that growth processes and transpiration are inhibited before the lower 
limi t of availability is reached . The range of water content between 
69 
the inception of wilting and the lower limit can be considerable and 
varies according to soil properties. Several workers have suggested 
that the initial, or incipient, wilting point lies between 5 bar and 
9 ·bar percentages (Gardner, 1960b; Hensley & Sumner, 1967). On a 
similar basis Hill (1965) found it necessary to determine readily 
available moisture (RAM) which he considered to be a more realistic 
value for determining water duties for irrigation purposes. This is 
especially true for fine textured soils in climates of high evaporative 
demand. 
The object of this study was to determine soil moisture 
characteristics for a wide range of soils that would aid the overall 
assessment of their agricultural potential. A quantitative evaluation 
of available moisture capacity was considered essential in view of the 
. complete lack of information concerning this important criterion. At 
the time of study no data were available for any of the soil series in 
the Area or in the adjoining Tugela Basin. The need to study the 
water-holding capacity' of various soil series had, however, been 
stressed by Phillips (1966) who considered it a valuable criterion in 
planning the development of rainfed and irrigation farming. The study 
should be viewed as a preliminary investigation, designed to afford a 
better understanding of the potential productivity of defined soil 
series. However, the results are not intended as a guide for 
calculating water duties in irrigation planning. A superficial 
investigation into the influence of land-use practice on soil moisture 
characteristics was also undertaken and for this purpose virgin and 
cultivateq soil samples were included in the study. Despite recent 
developments in the techniques for studying soil moisture relationships, 
such as those suggested by Richards (1966), normal standard procedures 
were adopted. Sampling error is probably the most important limitation 
of the experimental procedure. 
1) Materials and methods 
Twenty-six soil series, represented by 51 profiles, were 
included in the study. Some of the selected profiles were sited in 
the Tugela Basin and in a number of cases only one modal profile per 
series was sampled. All samples were collected during August and 
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included undisturbed core samples (4" x 3") and disturbed samples from 
depths of 6 and 18 inches. Disturbed samples were also ~ollected 
from selected virgin and cultivated soils. All samples were trans-
ported in air-tight containers to the laboratory. 
The undisturbed and disturbed samples were saturated for 48 and 
16 hours respectively, prior to the determinations. In the case of 
the ESTCOURT, RENSBURG and Emmaus series it was necessary to saturate 
the core samples under vacuum (Richards, 1965). The undisturbed 
samples were used to determine the upper range of matric suction using 
a tension table similar in design to that described by Hosegood (1963). 
A cover of plastic sheeting was found to 'be essential for the accurate 
determination of the point of equilibrium. Samples were transferred 
to pressure plat~ extractors to determine the 0.33 ~nd 1.0 ·bar values. 
Disturbed samples were used to determine the lower range of the 
moisture characteristic curve using pressure membrane extractors with 
mercury differential regulators. The use of disturbed samples for 
moisture determinations is open to criticism since Hill (1965) found 
such samples provided an optimistic value ·for TAM. In the case of the 
lower limit, however, it can be noted that Wilcox (1960) found the 15 
bar pressure membrane determination to be satisfactory. The 
determinations were carried out at room temperature over a period 
during which the mean maximum and minimum temperatures were 26 0 C and 
23.3
0
C respectively. At the conclusion of the determinations all 
samples were dried to constant weight at 1050 C. Details of the matric 
suction values determined, the apparatus used and the type of sample 
studied are shown in Table . 21~ 
Moisture percentage values at a standard matric suction of 0.10 
Table 21 Matric suction values, apparatus and samples used 
for determining soil moisture characteristics 
Matric suction Apparatus Samples 
(bars) 
0. 01 
0. 04 Tension table Undisturbed 
cores 
0.10 
0.33 Pressure plate Undisturbed 
1.00 extractor cores 
1.00 
2. 00 Pressure membrane 
extractpr with Disturbed 





bars were taken as the upper limit for the calculation of TAM. The 
15 bar percentages represented the lower limit. Total available 
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moisture content per unit depth of soil and expressed on a volume basis 
was calculated for all samples in the following manner: 
TAM (inches/ft) = 12(Pw)(pB)(1/pw) (4) 
where Pw = % water on an oven dry basis, pB = bulk density (gcm-3) and 
Pw = density of water. Values for RAM were also calculated using the 
5 ·bar peroentage values as the lower limit. 
The disturbed virgin and cultivated soil samples were passed 
through a t mm mesh siev~ before the 0.10· bar and 15 bar percentage 
values were determi ned on the tension table and pressure membrane 
extractor respectively. The organic carbon content of these samples 
was also determined using the Walkley Black method as described by 
Allison (1965) 0 Furthermore, the moisture percentages of the 
undisturbe~ core samples at the time of sampling were calculated and, 
by i nterpolation from the moisture characteristic curves, the matric 
suction values obtained . 
2) Results and discussion 
Considerable difficulty was encountered in preparing the 
undisturbed samples of the claypan and margalitic soils. Preparation 
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of a satisfactory contact surface without sealing the pore spaces proved 
particularly difficult. For this reason, the results of the ESTCOURT, 
RENSBURG and, to some extent, Cranwell series sh04ld be viewed with 
caution. In addition, free living nematodes and other soil micro-
organisms were found in samples equilibrated for long periods of time, 
especially among the highly leached soils. Since these could influence 
moisture extraction, the fumigation of samples prior to equilibration 
is strongly recommended. 
Large core samples are generally unsuitable for a study of this 
nature since the period of equilibration, particularly in the pressure 
plate extractors, may take four to five weeks for each determination. 
Hill (1965), in fact, found that equilibration time increases with the 
square of the height of the sample. For this reason, the use of smaller 
samples is recommended where large numbers of determinations are to be 
made. Since it is doubtful whether the contact be~ween the samples 
and the porous plate is always satisfactory, the use of Tempe pressure 
cells developed at the U.S. Water Conservation Laboratory, Tempe, 
Arizona are recommended for this type of study. The use of natural 
soil clods coated with saran resin could also have distinct advantage 
over undisturbed cores since it : would avoid the problems of shattering 
and compaction when sampling, facilitate sampling of stony soils and 
provide reliable bulk density values for soils of high swell-shrink 
potential. 
(a) Series characterization 
The values of TAM and RAM for topsoil and subsoil horizons of 
selected soils are presented in Table 22. The moisture characteristic 
curves for sever al of these are illustrated in Appendix 7. 
To summarize the results and the writer's personal appreciation 
of the moisture characteristics of the soils studied, a general rating 
on a five-point scale is presented in Table 23. .Combined topsoil and 
subsoil TAM values are used for this purpo~e. 
The most stri king feature of Tables 22 and 23 is the broad 
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rabl. 22 J Total and readily available moisture values for selected soil .eries ~ 
Total available moisture R.aoily avaUable moisture 
(TA~) (RA~ ) 
Soil Profile inches inches 
••• tn. 
Soil •• rl •• No • 
Topaoil . Sub.oil I Topaoil I Subsoil I 
0-12" 12-24" I 
Total 
0-12" : 12-24" I Total 
Al BALI'IORAL 1 2.06 2.49 
I 4.55 1.78 I 2.2B I 4.06 
I I I 
2 2.3B 1.97 I 4.35 2.05 I 1.83 I 3.88 
3 2.2B 2.15 I 4.43 2.01 
I 1.93 I 3.94 
I I I -, 
A2 Broadmoor 4 2.77 2.65 I 5.42 2.41 I 2.52 I 4.96 
I I I 4.57 HUTTON 5 2.71 2.43 I 
5.14 2.34 I 
2.23 I 




2.45 5.03 7 2.B5 2.74 I 5.59 I 
LidQ.tton B 2.21 2.30 I 4.51 1.76 I 2.00 3.76 
I I 
9 2.15 2.30 I 4.45 1.B5 I 2.16 4.01 
10 2.94 2.05 I 4.99 2.69 I 1.64 i 4.33 
I I 
GRIffiN 11 2.99 2.BB I 5.7B 2.58 I 2.74 5.32 
12 3.55 2.61 I 6.16 3.32 I 2.39 5.71 
I I 
GRIffiN (humic) 13 4.19 4.05 I 8.24 3.93 I 3.79 7.72 
I I 
14 1.85 1.85 I 3.70 1.51 I 1.63 I 3.14 
Cran.,.l! 15 1.07 1.89 I 2.96 
I 
0.70 I 0.83 I 1.53 
I I 
16 2.02 0.81 I 2.83 1.55 I 0.26 I 1.81 
CLOVELLY 17 2.73 1.89 I 
I 
4.62 2.31 1.66 I 
I 
3.97 
CLOVELL Y (humic) 18 4.02 2.82 I 6.84 3.63 2.46 I 6.09 
19 4.71 3.99 I 8.70 
I 




B2 CLEVELAND 20 3.67 2.89 I 6.56 3.3B 2.71 I 6.09 
01 Welton 21 1.95 I 1.7B 
I 3.73 1.66 1.64 3.30 
I I 
I 





3.27 1.51 1.12 2.63 I I 
aellevue 24 1.44 I 1.50 I 2.94 1.16 1.32 2.48 
25 1.36 
I I 
2.03 I 0.67 I 1.13 0.26 1.39 
26 1.36 I 1.21 I 2.57 1.15 i 1.02 2.17 
I I 
02 JOQondrift 27 1.43 I 1.17 I 2.60 1.34 1.07 2.41 
03 Lool<op 28 2.37 I 2.03 I 4.40 1.B9 1.72 3.61 
I I 
29 1.61 I 1. 77 I 3.3B 1.45 1.51 2.96 
El BERGVILLE 30 1.76 I 1.B4 I 3.60 1.48 1.58 3.06 
I I 
31 1.77 I 1.64 I 3.41 1.49 1.39 2.88 
32 1.56 I 1.74 I 3.30 1.32 1.41 2.73 
I I 
I I 
AVALON 33 1.77 I 1. 78 I 3.55 1.55 1.54 3.09 
34 1.92 I 1.51 I 3.43 1.67 1.28 2.95 
I I 
35 1.97 I 1.47 I 3.44 1.63 1.21 2.84 




1.68 1.46 3.14 
I 
Shandon 37 2.13 I 1.99 I 4.12 1.7B 1.64 3.42 
ARROCHAR 38 2.15 I 1.65 I 3.80 1.80 1.34 3.14 
I I I 
39 2.98 I 2.27 I 5.25 2.60 1.92 I 4.52 
40 2.23 I - I (2.23) 1.92 I 1.92 I I - I 
E3 fIIIalro •• 41 1.35 I 1. 57 I 2.92 1.24 1.41 I 2.65 






I I 1.37 1.41 I 2.78 
SPRINGfiELD 43 1.57 I 1.31 I 2.88 1.39 1.14 : 2.53 
fl ESTCOURT 
I I I 
44 1.99 I 1.04 I 3.03 1.46 0.74 I 2.20 
45 1.98 I 0.81 I 2.79 1.57 0.37 I 1.94 
I (0.78) I (2.76) I 
I I I 
46 1.93 I 1. 29 I 3.22 1.66 0.89 I 2.55 
G2 RENs8URC 47 1.88 I 1.80 I 3.68 1.26 1.17 I 2.43 
I I I 
48 1.41 I 1.25 I 2.66 1.35 1.02 I 2.37 
(1.35) I (1.17) I (2.52) I 
49 1.20 I 1.45 ! 2.65 0.83 0.87 I 1.70 
(1.15) I (1.35) I (2.50) : 
I I I 
Cl IVANHOE 50 3.91 I 4.92 I 8.83 3.52 4.41 I 7.93 




1.02 0.93 I 
I 
1.95 
V.lu •• bracketld adJultad for bulk dlnslty at 100 em tan don 
Table 23 A tentative rating of selected soils in terms of 
available moisture capacity (TAM) 
Soil rating Soil series 
Very high FARMHILL, GRIFFIN, CLOVELLY 
(humi6),Broad~oor~ . HUTTON, . (TAM> 5"/2 ft) CLEVELAND" IVANHOE 
High BALMORAL, Lidgetton, CLOVELLY (TAM 4-5"/2 ft) 
Moderate Weston, Loskop, BERGVILLE, 
(TAM 3-4"/2 ft) AVALON, SOUTHWOLD, Shandon, Emmaus 
Cranwell, SHORTLANDS, Bellevue, 
Low ARROCHAR, Jagersdrift, Melrose, 
(TAM 2-3"/2 ft) LEKSAND, SPRINGFIELD, ESTCOURT, 
RENSBURG 
Very low 
(TAM < 2"/2 ft) -
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division of the soils coincident with the degree of leaching. In 
general, the highly leached soils have very favourable moisture character- I 
istics~ . Wi th the exception of the Cranwell series;. all Of these soils r 
are rate~ high or ' very high • . The extremely favourable , characteristics 
of the A2- and B2-association soils are especially noteworthy. 
In contrast, the considerably to moderately leached soils all 
fall within the moderate to low ratings. Generally, the El-association _ 
soils have slightly higher values than soils of the Dl-association 
altnpugh, on the basis of other criteria, the latter soils usually enjoy 
a higher potential ratin~. This is important in evaluating productive 
capacity of soils associated with a sub-humid climate. The 'low' 
rating given to the ARROCHAR series is a result of its usually shallow 
depth. The similarity between the topsoil samples of the SOUTHWOLD 
(profile 36), Shandon (profile 37) and ARROCHAR (profile 38) series, all 
situated in the vicinity of Mooi River, signifies uniformity in topsoil 
characteristic among these soils. 
The marked difference between the highly and partially leached 
soils is attributed to two main properties viz., organic matter status 
and porosity. Values for both of these characteristics are highest in 
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the former soils. TAM values for the topsoil samples are highly 
correlated (r = 0~37***) with total porosity. Studies conducted by 
Hill (1965) endorse the view held by many workers that the geQmetry of 
the porous system is one of the main factors influencing soil water 
retention. 
RAM values for clayey soils are between 60 - 75 percent of TAM 
and for loamy and sandy soils are 80 - .90 percent of TAM. Corresponding 
values reported by Hill (1965) were 50 percent and 75 percent although, 
in his case, the lower limit was taken at a matric suction of 2.0 bars. 
Obviously; the clayey soils will cause incipient wilting before those 
of lighter texture, especially in areas of high evaporative demand. 
The ratings in Table 23 do not reveal other important features 
of the moisture characteristics. For instance, the SHORTLANDS and 
Jagersdrift series are both rated 'low'. Yet, because of inherent 
morphological properties, the moisture characteristic curves for these 
soils are very different (Appendix 7). Furthermore, the combined 
topsoil and subsoil TAM values do not reflect important differences 
between horizons ~ For example, the TAM values and characteristic 
curves of the BERGVILLE and Melrose series clearly indicate that the 
subsoil horizons have very favourable moisture characteristics • 
. Such improved moisture conditions in lower horizons are probably related 
to the increase in clay content and improved porosity with depth. 
Hensley and Sumner (1967) reported similar results which they attributed 
to the increase · in the clay and silt fractions. Soils such as these 
may thus have a higher potential for crop production than soils showing 
little or no improvement in moisture characteristics with depth. This 
is, in fact, confirmed by crop performance on soils of the AVALON form. 
Tillage practices that enhance intake and transmission of water to these 
lower horizons are thus recommended. 
The favourable influence of organic matter on moisture character-
istics is clearly illustrated by the high topsoil values (exceeding 4 
inches/ft) of the humic phase soils of the GRIFFIN and CLOVELLY series. 
The view expressed by Salter and Howarth (1961b), that the intimate 
association of organic matter with soil _particles improves the porous 
structure of aggregates resulting in more pores of the right s i ze for 
holding available water, offers a reasonable explanation for this 
finding. 
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Textural differences between soils in the same landscape are also 
reflected by the moisture characteristics. A comparison between the 
BALMORAL, Lidgetton and Cranwell series on the one hand and the 
Broadmoor, GRIFFIN and CLOVELLY series respectively on the other, shows 
that the moisture characteristics of the latter group are the most 
favourable. Although the 0.1 bar moisture percentages for both groups 
are similar, the 15-·bar values are higher in the case of clayey soils 
and result in lower TAM values. Generally, the values given in Table 
22 are higher than the typical values of 0.5 - 1.0 inches/ft for coarse 
textured soils, 1.2 - 2.0 inches/ft for fine textured clays and 1.5 - . ' 
2.5 inches/ft for intermediate textures given by Hubble, .Martin, 
I~bell, Beckwith and Stirk (1964). 
The characteristic curves for soils of the 01- and G2-associati on 
soils indicate problems with respect to rate of moisture supply . Since 
these soils are associated with climates of high evaporative demand , 
the unfavourable moisture characteristics are among their most seri ous 
limitations. This view is substantiated by Hill (1965) who found that 
sugar cane yields on fine ·textured soils showed a linear response to t he 
amount of water applied, while for coarse ·textured soils, the response 
was curvilinear. Although the potential increase in yield over dr yland 
production was greatest on the clayey soils, plants were found to suffer 
water deficits long before the wilting point had been reached . Despite 
the use of disturbed samples for the 15 ·bar determinations, the TAM 
val ues for the red, doleritic soils (e.g. SHORTLANDS) in Table 22 a r e 
similar to those obtained by Thompson and Collings (1963) and Hill (1965) . 
Today, irrigation practice is receiving much attention throughou t 
the Area so that the need for intensive studies similar to those conducted 
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by Hill (1965) is great. Grass-clover pastures, lucerne and a variety 
of winter fodder crops, including ryegrass, are among the most important 
crops requiring investigation. In the absence of more detailed 
information the results of this study provide a basis for assessing 
the irrigation potential of the various soils. When considering 
irrigation practice it should be noted that Stanhill (1957), in a review 
of soil moisture experiments, concluded that highest yields are 
associated with the wettest regimes. As a group, the highly leached 
soils are particularly favourable for irrigation although shallow, 
clayey soils such as the Cranwell series have obvious limitations. The 
loamy A2- and B2-association soils are the most suitable. Among the 
partially leached soils, textural characteristics are important. The 
clayey Dl- and G2-association soils, for instance, require frequent 
irrigation resulting in high costs. Soils most likely to give maximum 
economic returns for lesser amounts of water applied are to be found 
among the well-drained loamy to sandy soils of the D2-,. El- , E3- and Ll-
associations. 
Matric suction values interpolated for the time of sampling (end 
of winter) indicate several interesting features. For instance, the 
average values for topsoil and subsoil samples of the highly leached 
group are approximately 0.5 to 1.0 bars and 0.3 bars respectively. 
Excluding the claypan and margalitic soils, a similar trend is observed 
among the partially leached soils although the suction values are much 
greater i.e. between 5 - 10 bars and 1 - 2 bars respectively. Extremely 
dry conditions in the margalitic and claypan soils at the end of winter 
are indicated by suction values of between 10 and 15 bars. 
These results substantiate the claims that climate, through its 
influence of the moisture regime, is closely related to the leaching 
process. They suggest conditions of water surplus and water deficiency 
among the highly and moderately leached soils respectively. In 
addition, they offer reasonable explanation for the early spring growth 
of natural grassland in the Highland Sourveld and Midlands Mistbelt areas. 
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Because the samples were collected in August prior to the spring rains 
the results also support the claim that veld burning should take place 
only after adequate rain. In no case did the suction values for 
topsoil samples indicate moisture conditions favourable for optimum 
growth. 
(b) Land - use practice and soil moisture characteristics 




that cultivation, mainly through its influence on organic matter stat us 
and structure, can alter moisture characteristics appreciably . From 
the 0.1 bar and 15 bar values the available moisture percentages were 
calculated. The relationship between these values and organi c carbon 
content is presented in Table 24. 
Table 24 Relationship between available moisture (%) and organic 
carbon content (%) for selected virgin and cultivated 
soils 
Virgin soils Cultivated soils 
Soil series Available Organic Available Organic 
moisture carbon moisture carbon 
% % % % 
BALMORAL 45 . 2 4.7 42.7 2.S 
FARMHILL 32.3 5.1 
I 
25.4 4.6 
CLOVELLY (humic) 53.2 7. S 51. 6 5.9 I 
Bellevue 41.3 2.5 27.7 2.0 
AVALON 31.1 1.4 24.7 0.9 
ARROCHAR 37.7 2.3 29.5 1.4 
LEKS AND variant 24.3 1.4 12.5 0. 6 
Ladysmith 31. 6 1.6 24.1 O.S 
The reduction in both organic carbon content and available moisture 
percentage following cultivation is clearly reflected in the values 
obtained. The effect is greatest among the partially leached soils. 
The ·~esults also suggest that the effect of organic carbon on moisture 
content is particularly marked at the upper limit viz., 0. 1 bar. Salter 
and Howarth (1961b), who attributed the failure of many studies to de tect 
the influence of organic matter on available moisture to limitations of 
the techni ques use~ reported a significant increase in available moistu r e 
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capacity following the application of farmyard manure. This increase 
was attributed to the improved organic matter status . 
Despite the preliminary nature of this investigation the wri ter 
advocates land~use practices aimed at improving the organic matter 
status of arable soils. Thus, the use of well fertilized leys, 
manuring and the return of crop residues seem justified, especially i n 
the drier landscapes. Notwithstanding important fertility r elation-
shi ps, it is suggested that the resulting yield increases could be 
attributed, at least partially, to improved moisture characteristics and 
water intake. 
2.4 Other physical characteristics 
Soil samples included in the study of soil moisture characteris-
tics were used to determine several other characteristics that provi de 
additional criteria for characterizing and assessing the soil resources. 
These properties, the methods used to determine them and the results 
obtained, are briefly discussed. 
1) Bulk density and particle density 
Soil bulk density is the ratio of the mass to the bulk or 
macroscopic volume of soil particles plus the pore spaces (Blake, 1965) . 
It is a parameter used for several purposes including the calculati on of 
the moisture content of soils on a volume basis. Bulk density values 
were determined using undisturbed core samples. Mass was obtained by 
drying to constant weight at l05 0 C. Volume was that of the sampl e tak en 
in the field. Particle density, or the density of the solid- particles 
collectively, was determined by the pycnometer method descri bed by 
Blake (1965). 
Results obtained for both characteristics are presented in Table 
25. 
Since it is generally accepted that 'moist' volumes are pr eferable 
for soils showing marked volume change with change in moisture content, 
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table 25 I Bulk density and particle density values for selected soil $8ris5 
, Bull( densi ty Particle ,canslt)' 
Soil Profile (gcm -3) (lb. rt-3) (Qcm -3) 
••• tn. 
Soil serils No • 
I I Topeoil Subloil Topsoil I Subsoil Topeoil Subloil 
6· I 18· 6· 18" 6· 
I 
18" 
I I I 
Al BAll'lORAl 1 1.146 I 1.112 71. S I 6g.4 2.54 I 2.S7 
I I I 
2 0.8Bl I 1.044 55.0 I 65.1 2.45 I 2.58 
3 1.184 I 1.275 73.9 I 79.6 2.52 I 2.53 
I I I 
A2 StOldlnoor 4 1.020 I 1.102 63.6 I 68.B 2.45 I 2.56 
HUTTON 5 1.03B I 1.115 64.8 I 69.6 2.41 : 2.55 
I I I 
Bl rAMHILL 6 1.069 I 1.138 66.7 I 71.0 2.36 I 2.58 
7 0.697 : 1.030 43.5 I 64.3 2.30 : 2.48 I 
I I 
l1dootton 8 1.090 1.187 68.0 I 74.1 2.38 I 2.55 
9 1.028 1.188 64.1 I 74.1 2.49 I 2.63 
I I 
10 0.955 1. 250 59.6 I 78.0 2.39 I 2.64 
GRlrrlN 11 1.010 1.083 63.0 I 67.6 2.40 2.55 
I 
12 0.970 0.886 60.5 55.3 2.42 2.52 
GRlrrIN (humic) 13 0.756 0.986 47.2 61.5 2.34 2.51 
14 1.305 1.330 81. 4 83.0 2.43 2.58 
I 
tranwall 15 1. 21B 1.386 76.0 86.5 2.53 2.69 
16 1.161 1.355 72.4 84.6 2.43 2.55 
T 
CLOVELL Y 17 1.122 1. 212 70.0 75.6 2.38 2.57 
CLOVELL Y (humic) 18 0.890 1. 210 55.5 75.5 2.22 2.50 
19 0.838 0.875 52.3 54.6 2.34 2.42 
82 CLEVELANO 20 1.159 1.288 72.3 I BO.4 2.54 2.58 
01 W.,ton 21 1.371 1.227 85.6 I 76.6 2.58 2.61 
5HORTLAN05 22 1.260 1.284 78.6 
I 
I BO.l 2.47 2.46 
23 1.824 1. 264 80.1 : 78.9 2.45 i 2.55 
I 
a,ll.vul 24 1.498 1.350 93.5 I 84.2 2.58 2.61 
25 1.667 1.617 104.0 I 100.9 2.57 2.63 
I 
26 1.640 1.568 102.3 I 97.8 2.58 2.55 
02 Jooorodrift 27 1. 584 I 1.541 98.8 : 96.2 2.64 i 2.53 
I 
03 Lookop 28 1. 283 1.283 80.7 I 80.1 2.45 2.44 
79 1.279 1.279 81.8 I 79.8 2.62 2.65 
I 
I 
El 8UCVILLE 30 1.494 1.349 9J.2 I 84.2 2.59 2.62 
31 1.435 1.470 89.5 I 91.7 2.50 2.57 
I 
32 1.484 1.430 92.6 I 89.2 2.48 2.53 
AVALON 33 1.706 1.450 106.5 I 90.5 2.61 2.62 
I 
34 1. 698 1.676 105.9 I 104.6 2.50 " 2.61 
35 1. 348 1.406 84.1 I 87.7 2.51 2.59 
I 
SOUTlMIlO 3b 1.607 1.557 100.3 I 97.2 2.56 2.60 
Shandon 37 1.672 1.576 100.4 
I 
98.3 2.56 2.60 I 
ARROCHAR 38 1.688 1.663 105.3 I 103.8 2.61 2.65 
39 1.49A 1.620 93.2 
I 
I 101.1 2.59 2.65 
40 1.593 - 99.4 I - 2.58 -
E3 
I I I 
"'lIra •• 41 1.707 I 1.398 106.5 I 87.2 2.63 I 2.61 
LEK5ANO uorient 42 1.605 I 1.600 100.2 I 100.A 2.62 I 2.64 
I 
I I I 
SPRING( I ELO A3 1.561 I 1.666 97.4 I 104.0 2.58 I 2.62 
n ESTCOURT 44 1.A85 I 1.581 92.7 I 98.7 2.65 I 2.47 
I I I 
45 1.520 I 1.620 94.8 I 101.1 2.52 I 2.49 
I (l.561) I (97.4) 
46 1.537 I 1.335 95.9 I 95.8 2.58 2.49 
I I 
I I 
C2 REN58URC 47 1.352 I 1.491 84.4 I 93.0 2.37 2.44 
48 1.488 I 1.434 92.9 I 89.5 2.47 2.61 
(1.425) I (1.352) (88.9) I (84.4) 
I I 
49 1./')9 I 1.565 87.9 I 97.7 2.58 2.49 
(1.350) I (1.452) (84.2) I (90.6) , 
Cl IVANHOE 50 0.510 I 0.776 31.8 I 48.4 2.11 2.27 
I I 
~1 (ttW"\eua 51 1.198 I 1.354 74.8 I 84.5 2.42 2.49 
Values brlck'tad corrlctad to bulk danlity at 100 em tension 
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corrected bulk density values at field moisture capacity (0.10 bars) 
for the RENSBURG and ESTCOURT series are presented. The corrected 
values indicate that natural bulk density values tend to be· 4 - B% 
hi gher than the corrected values. A more precise method for correcting 
bulk density values to field capacity moisture has been described by 
Miller (1966). 
The results indicate considerable variation between series and / 
a marked difference between highly leached and partially leached soils I 
is again obvious. The range of the former group is from 0.75 to 
-3 I 1. 30gcm ,while values for the latter group fall between 1.20 and 1 . BO 
gcm- 3 The influence of the higher organic carbon content and greater I 
porosity of the highly leached soils is reflected in the lower values 
for the group; especially the humic phase soils and the IVANHOE series. 
According to Baver (1956) percolation becomes slow when bulk 
-3 densi ty values exceed 1.4 - 1.5gcm • On this basis, water movement 
in the majority of partially leached soils is l~kely to be slower than 
i n the highly leached group. In some respects this inference is 
substantiated by other morphological characteristics, but does not~old 
for all soils . 
Textural differences between series are also reflected in the 
I 
values obtained. The sand fraction, as expected, increases bUlk density 
values. For example, the subsoil value of the LEKSAND series 
(1.609gcm-3) is considerably higher than that of the Melrose series 
(1. 398gcm -3). 
Several workers have given theoretical consideration to the 
geometry of the porous system, stressing the importance of bulk densi t y 
in affecting moisture characteristics and the derived TAM values (Hi l l, 
1965; Box & Taylor, 1962; Taylor & Box, 1961). Practical implicatio ns 
were also reported by Hill (1965) who found that changing the bulk 
density and reducing the number of macro-pores affected moisture 
characteristics, infiltration and percolation. The effect on the 
moisture retention of sands was greatest at low suction values while 
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with clays and clay loams an effect was exerted over the whole moisture 
range but especially at the l5··bar percentage. From this it is 
suggested that problems of compaction resulting from various farming 
operations will be greatest among soils of the [1-, Hl- and clayey Ll-
association soils~ 
The bulk density parameter can, however, have limited usefulness 
(Hubble et al., 1964). Glover (1967) also found that bulk density, as 
such, was not a factor controlling differential root behaviour. Rather, 
it was 'penetrability' of the soil that was correlated to root develop-
mente Generalized bulk density values for root impedence of sunflowers 
-3 
presented by Veihmeyer and Hendrickson (1948) were 1.45 - 1.65gcm . for 
-3 
clayey soils and 1.70 - 1.8ogcm for sandy soils. On this basis only 
the partially leached soils are likely to be associated with problems of 
this nature. Values for particle density show little variation 
between soils although the influence of organic carbon is evident from 
the topsoil values of the highly leached soils. These are generally 
lower than the subsoil values. 
2) ?oi.l...Rorosi ty and gore-size distribution. 
Knowledge of the geometry of the porous system is essential for 
the assessment of moisture characteristics. Hubble et ale (1964) 
considered the total amount and distribution of soil pores as the most 
significant physical property for plant growth since they control the 
availability of water and air. Soil porosity is that percentage of the 
soil volume which is not occupied by solid particles. The fact that 
bulk density is always lower than particle density, indicates that only 
part of the bulk volume is occupied by solid particles, the remainder 
i$ pore space. Total porosity determinations yield the simplest partial 
characterization of the soil pore system but are of limited utility. 
The relative distribution of pore sizes, especially the non-
capillary and capillary porosity as defined by Baver (1956), is of 
considerable value for characterizing the structural properties of soils. 
Ideally the pore space should be equally divided between large and small 
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pores . However, current use of pore-size distribution as a soil 
characteristic depends on the acceptance of the capillary model as 
representing soi l pore space (Vomocil, 1965). 
Essential ly, pore size distribution is the determination of the 
value of air-filled pores at specified matric suction values . Soil 
moisture characteristics thus help to def i ne soil po r e- size distribution, 
provided the volume of the soil does not alter with change in moisture 
content. 
Total porosity was determined for all undisturbed core samples 
as follows: 
Total porosity (%) = IDOL! - (Bd/Pd17 ( 5) 
where Bd = bulk density and Pd = particle density. 
The tension table method described by Vomocil (1965) was used to 
determine the volume percentage of air-filled pores at a sucti on value 
of 0.1 bars. This determination represents non-capillary porosi ty. 
The values for total porosity, non-capillary porosity and capillary 
porosi ty are presented in Table 26. Diagrammatic representation of 
these values for selected soils are also illustrated in Append i x 8. 
Once again the favourable physical characteristics of the hi ghl y 
leached soils are indicated by relatively high total poros i ty val ues. , 
I 
The s e values, which lie mostly between 50 and 60 percent, help to explai 
the favourable moisture characteristics obtained for these soils. In 
contras t , the values of many partially leached soils are between 45 and 
55 percent. The results a re in general agreement with those reported 
by Sumner (1957) and indicate that several members of the El-associ ati on 
are among the mo s t compact soils in the Area. The results of t he 
RENSBURG and ESTCOURT series are considerably influenced by thei r high 
swell-sh r ink potential. Pore-size distribution values ob t a i ned for th e 
loamy and sandy soils of the A2-, B2-, 02 and E3-associ a t i on s , though 
not ideal, indicate the favourable physical characteristics of these 
light t extur ed s oi l s . 
The s eries definitions presented by van der Eyk (1 965c) include 
labl. 26 , Total porosity and pore s iz8 di s tribution f o r s elected 5011 series 
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I I I 
6" I l B" 6" I lB" 6" I 
I 
1 54.9 56 . 7 12.0 10. 2 42.9 I 
I 
2 64.1 59. 5 25.0 22. 5 39 . 1 I 
3 53.0 49.6 15.9 12. 1 37.1 I 
I 
I 
4 5B. 4 57.0 l B.O lB • • 40.4 I 
5 I 56.9 56.3 15. 2 19.6 41. 7 I I 
I I 
6 54 .7 55 . 9 5 . 3 7.1 49. 4 I 
7 I 69.7 5B.B 24 . 4 9.3 45.3 
: 
7. 7 46.5 
I 
B 54. 2 53. 5 5.B 
9 5B.7 54. B 14 . 0 6 .B 44.7 
10 60.0 52 . 7 6 . 2 5. 7 53.B 
11 57. 9 57 . 5 13. 7 15. B 44. 2 
12 
i 
59. 9 64 . 9 9.0 26.6 SO.9 
13 66. 3 60.7 B. 6 B. 6 57. 1 
14 46.3 4B. 5 12.5 
I 
15. 4 33 . B 
I 
I 
15 51.9 4B. 5 6.B I 2. 7 45.1 
I l fi i 52 . 2 I 46. 9 10. 5 7. 9 41.7 I 
I 
17 52 . 9 52 . 9 9 . 6 I 17.9 43.3 I 
18 59 . 9 51. 6 2.8 
I 
6. 1 57.1 
I 
I I 
19 64 . 2 63 . 9 6 . 9 I 12 . 6 57 . 3 I 
20 54 . 2 50 .1 12 .1 I 12. 1 42 .1 I 
I I 
I I 
21 lo u . 9 53 . 0 7 . 3 I lB. 4 39 .6 I 
22 I 49 . 0 47 . 8 9 . 6 
I 
3. 8 39 .4 
I 
I I 
n 47.6 50. 4 S. 5 I 12 .3 42 . 1 I 





15 1S.1 38.6 • • 0 I 11 .4 31.1 I 
I I I 
16 1 :1 . 4 I 38 . 5 7 . 1 I • • 5 29. 3 I 
27 40 . 0 I 39 . 1 21. S I lB . O 18.5 : 
47. 2 
I 
47 . 4 
I I 
28 I 5. 7 I B. O 41.5 I 
29 SO . O I SI . 7 12. 3 I 15. 2 37.7 I 
I I I 
30 42 . 1 I 48 . 5 10 .0 I 13. 8 32. 1 I 
31 42. 6 I 42. B 13.0 I 11 . 7 29.6 I 
I I I 
32 40. 2 I .:n . S 4.7 I 9.1 35.5 I 
33 34 . 6 I 44.7 10 .7 I 17.0 23.9 I 
I I I 
34 34 . 5 I 35 . B 8 . 0 I 10 . 7 26.5 I 
35 46 .3 I 45. 7 14 . 8 I 14. 9 31.5 I 
I I I 
I I I 
36 37 . 3 I 40 .1 2 .1 I B.2 34.7 I 
37 34 .7 
I 
39.4 6. 2 
I 
13.0 2B.5 I I I I , 
38 35 . 3 I 37.3 4.8 I 11.3 30 . 5 I 
I I I 
3~ 42.3 I 3B. 9 7. 5 I 10.2 34.8 I 
40 39 . 7 I - 4. ; I - 34.8 I I I 
: I I 41 35.1 46. 4 14.3 I 20.2 20.8 I 
42 38 . 8 I 39 . 1 18.5 I 17.3 20.3 I 
I I 
I 
43 39.5 I 36.4 lB. 1 I 15.1 21.4 I 
44 42.0 
I 
36.0 10. 4 
I 
31.6 I I I - I 
45 39 . 7 I 37.3" 10.5 I 16.5 29.2 I 
I I I 46 40.4 I 3B.4 16.2 I - 24. 2 I 
47 42.9 I 38.9 1.1 I - 41.8 I I I 
t. ~2.1 I 48 42.3" I 48.2" 0 . 2 I 5. 6 I 
49 42.8" I 39.3" 5.2 I - 37.6 I 
I I I 
SO 75.8 I 65.8 19.1 I 0.6 56.7 I 
51 SO.O I 51.7 , 12.3 I 15.2 37.7 I 
VH - Vary hIgh, H - High, ,.. - PIod.rate, L - low, VL - Very low 
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Plate 8 . Surface crusting of E 1 - associat ion so i ls 
(SOUTHWOLD series). Note occurrence of 
pi gweed (Amarant hus hybridus) . 
Plate g . Cloddiness associated with E 1- ass oci at ion 
soils (SOUTHWOLD series) . 
Plate 10. Puddling on E 1- assoc iation soils as a 




an appreciation of soil porosity, estimated primarily through 
consideration of other physical characteristics. These estimates 
were found to be very similar to the ratings presented in Table 26, 
which are based on the following total porosity values: 
Porosity rating Total porosity (%) 
Very high Over 6Q 
High 50 - 60 
Moderate 40 - 50 
Low 30 - 40 
Very low less than 3n 
Slight departures from the series definitions are noted among 
soils of the El-association. Several of these, defined by van der 
Eyk (1965c) as very or moderately porous, are rated moderate to low 
according to the above scale. Total porosity values for the BERGVILLE 
and AVALON series increase very slightiy with depth although, according 
to definition, the reverse is true. 
3) Modulus of rupture 
The unfavourable physical characteristics of many of the partially 
leached soils has previously been mentioned. Surface soil limitations 
such as crusting, puddling when wet and the -tendency to form clods are 
features of many soils belonging to the El- and Fl-associations, as can 
be seen in Plates 8, 9 and 10. Such l~mitations affect tillage, seedbed 
preparation, germination, infiltration and run-off. An attempt was 
thu~ made to characterize those soils exhibiting cohesion or 'cementing' 
on drying. Modulus of rupture is a parameter used extensively for 
predicting the strength of materials and evaluating the cohesion of dry 
soils. The method described by Reeve (1965) was used in this 
investigation. 
• 
Eight soils each of the highly and partially leached groups were 
selected for evaluation. The tests were applied to sieved AI-horizon 
samples collected from modal test pits and five replicate samples from 










Mean values of modulus of rupture (millibars) for 
selected soil series 
leached soils Partially l eached soils 
Modulus of Soil I Modulus of I I rupture rupture ; series 
(millibars) , (millibars) 
I , 
I ! 362 -
I 
SHoRTLANDS 
- Bellevue 454 
- Jagersdrift 567 
- AVALON 1044 
- SoUTHWoLD 900 
I 
GRIFFIN (humic) - SPRINGFIELD 390 
CLoVELLY 116 ESTCOURT 6086 








Marked differences in physical characteristics between the two 
groups of soils are clearly illustrated in Table 27. In only one 
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i nstance (CLoVELLY) was it possible to make the necessary briquets from 
the hi ghly leached soil samples. The high organic matter status, 
exceeding 2 percent organic carbon in every case, and the textural prop-
erties of these soils were the main factors preventing the evaluation. 
None of the highly leached soils are thus associated with the afore-
mentioned limitations. 
Values were obtained for all the partially leached soils studied. 
Those of the El-association soils are considerably higher than those of 
the Dl- association soils and are in keeping with field observations . 
The cohesive tendencies co~mon to the AVALON and SoUTHWoLD series are 
also clearly reflected in Table 27. The low value of the SPRINGFIELD 
se r ies is attributed to its sandy texture. Low organic matter content 
and specific sand : silt : cl~y ratios which permit packing of fine 
particles within the framework of the sand fraction are mainly 
responsible for the ·cohesiveness of the grey-brown soils. In this 
study the problem could not be related to exchangea~~e sodium since low 
values were obtained 'for all the samples studied. 
The results also indicate~urface soil limitations of the 
clay pan soils (e.g. ESTCOURT series) . Although high values were 
obtained for the RENSBURG series the physical limitations of this 
soil are not of the same nature as those of the other soils studied. 
In this case, the high swell-shrink potential and self-mulching 
pr operties prevent crusting and cementation. 
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Raising the organic matter status through ley cropping or the 
incor poration of crop residues and manure will undoubtedly improve the 
unfa vourable characteristics. Utilization of pastures and ley crops 
by gr azing under wet conditions is, however, likely to cause severe 
'poaching' as illustrated in Plate 10. The addition of large 
quanti ties of lime or gypsum to improve the unfavourable physical 
conditions is not recommended for the soils studied although the latter 
may be important for claypan soils. 
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CHAPTER 3 
INTERPRETATION AND ASSESSMENT OF THE SOIL RESOURCES 
This chapter attempts to give meaning to the survey data in the 
light of current knowledge. 8ecause most of the assessments are 
perforce subjective many of the views expressed are likely to alter 
with time. The appraisals form the basis for discussion in the 
remaining chapters, especially Chapter 7. 
3.1 Interpretation of soil survey data 
A soil survey should mean more than simply a piece of scientific 
research (Vink, 1963). The data and their significance, including 
maximum information regarding land-use potentialities, should be made 
clear to those who might use it. With soil survey procedures well 
established in South Africa a sound policy of interpretation should be 
developed without delay. Ideally interpretation should be initiated 
early and should run concur~ently with th~ survey phase, thus keeping 
the delay in establishing potentialities, limitations and management 
needs of the soils to a minimum (Galloway, 1966). 
Interpretation, though it requires co-operative consultation 
between the survey team and many specialists, determines the success 
of soil survey projects. Its purpose is primarily to organize and 
present soil properties, qualities and behavioural characteristics in 
such a manner that the survey data may be used more effectively. 
Interpretations are generally given in terms of suitability for a 
specific use (e.g. good, fair, poor), limitations (e.g. slight, moderate, 
severe) or special soil features affecting use (e.g. permeability, 
available moisture capacity, etc.). In effect, it constitutes a 
simplification of the survey data. Assumptions or the conditions under , 
which the interpretation is valid and its limitations in use, should also 
be made clear. 
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I t is important here to consider several important principles. 
For i nstance, numerous interpretations can be made depending upon the 
s peci f i c field of interest . In each case soils are usually assembled 
in a few easily defined groups, the design of which will depend on their 
objective . According to Kellog (1951) those designed for one purpose 
can r arely be used for another and, moreover, a grouping for one 
objective cannot be used for the same purpose in a different institutional 
envi ronment . Thus a particular soil can seldom be ranked in the same 
relati ve position in every interpretation (Meyer, Bender, Wenner & 
Ri nier, 1966). 
The increasing complexity of agriculture has created a demand for 
more precise interpretations (Klingebiel, 1963). In this respect, the 
specificity of any prediction of input need and expected output will, 
to a large extent, depend on the homogeneity of the soil units. Soil 
maps reflecting the lowest category of a classification system are thus 
particularly useful for interpretation and re-interpretation. Such 
maps, acco r ding to Riecken (1962), permit specific evaluation of the 
i ncremental effects of vertical application of technology. This he 
defined as appropriate yield-increasing inputs on an homogeneous soil 
s i tuation . Soil series are, therefore, regarded as the most suitable 
basi s fo r assessing and interpreting the soil resources of the Area . 
However, although most interpretations are best displayed through 
i nterpretive soil maps, presentation in map form has not been possible 
in this study because of the small scale of the available map . 
According to Oschwald (1966) soil survey interpretation includes 
bo t h analys'is and synthesis of the survey data. Analysis is the 
separation or 'tearing apart' of the landscape into its homogeneous 
component parts and the determination of all relevant information 
concerning each part. Synthesis on the other hand is to 'in-gather' or 
synthesize the component parts into contiguous soil-use areas. Synthesis 
of information concerning the response of vertical technology is included 
in this phase . Its importance lies in the fact that the farmer uses a 
segment of space rather than individual . component parts. The need 
for synthesis is stressed by Oschwald's statement that "the challenge 
of soil survey interpretation is to more adequately synthesize the 
component parts of soil landscapes into segments of space that are 
meaningful to the soil user in relation to the soil-use decisions he 
faces. The degree to which the challenge is met will determine how 
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nearly soil survey interpretation attains the objective of identifying 
soil-use alternatives to help people make more rational soil-use 
decisions" . This challenge should be met by research, including 
quantitative studies. 
Synthesis has a special role to play at the farm level where soil 
patterns (especially among partially leached soils) are frequently too 
complex to reach the goal of "using each acre according to its needs and 
capability". The delineation of 'soil-use areas' at this level should 
take account of the size and shape of the mapping units, the restrictions 
imposed by erosion tolerance· limits and the minimum area which has 
sufficient regularity of shape to permit differential treatment and 
efficiency in machine operations. An area of 5 to 10 acres is 
tentatively suggested as the probable lower size limit for such areas . 
In general, the effect of synthesis on crop production appraisals is to 
lower yield estimates by ~omparison with those made for individual soil 
units . Management of soil-use areas based on the soils of highest 
potential holds the danger that the remaining soils will be over-
intensified and subsequently damaged. 
In explaining interpretation Westin (1962) noted that the farmer 
may expect the survey data to answer several questions, viz., 1) what 
crops are adapted for my soils, and 2) what yields can be expected under 
alternative management systems? The answers to these queries on use~ 
suitability and yield expectancy, lie in the accurate interpretation of 
the data based on findings that suggest the most logical and profitable 
use of particular soils. 
Scientific advancement and the effect of management are important 
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considerati ons . Technology can, in fact, exert a more powerful effect 
on the use~suitability and capability of a soil than its natural 
character istics. For example, over half of the increase in agricultural 
production i n the United states between 1935 and 1950 came from regions 
of naturally infertile soils and, perhaps one-tenth of it, from naturally 
fertile soi ls (Wilsie, 1962). Thus, soil has less influence over 
production levels at the present time than it did prior to the growth of 
scientific knowledge. However, in a primitive society, it may remain 
the most important factor. It is predicted that crop production in the 
Area will continually shift to the large, nearly level areas favouring 
mechanization, to the medium textured soils and to those soils responsive 
to large i nputs of fertilizer. 
Other principles to be considered in making interpretations were 
noted by Klingebiel (1962). For instance, the needs and resources of 
those who will use the information should be well understood. The 
greater the skill and resources available, the more precise and sound 
the interpretat ions should be since poor management decisions can be 
costly. Interpretations should also aim at compromising between 
s i mpli ci t y and loss of usefulness. A grouping of soils invariably 
results in a loss in precision, yet it has the advantage of simplifying 
the mass of recorded data. Howeve~ a simple grouping of soils according 
to t heir sui tability for crop, pasture or trees has important limitations 
since i t tells nothi ng of the management needs. Interpretation is a 
continuous process required to keep pace with ~evelopments in technology 
Al l owanc e shoul d , therefore , ~g made for the · tefinemen t or 
reinterpretation of the data. In this respect, research and farmer 
experienc~ have an i mportant role to play (Kellog, 1951; Olsen, 1966). 
3.2 Assessment of the soil resources 
I nterpretation requires careful assessment of each soil in terms 
of use- suitabi lity, productive potential and management need . Before 
discussi ng the assessments of soils in the Area,a brief _account is given 
of several methods of assessment and the most important soil criteria. 
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A number of terms are also defined. 
Definitions and methods: It is evident from the literature that many 
terms such as 'capability' and 'productivity' have been loosely used 
9nd few attempts have been made to achieve universal clarity. To avoid 
confusion, therefore, several terms used regularly in the text are 
defined. 
Capability refers to the potential or undeveloped properties of 
a soil for a specified use. It is determined by inherent characteristics 
and qualities and takes account of the prevailing environmental conditions. 
Productivity is regarded as the capacity of a soil to produce 
. 
crops in general, or one specific kind of crop, and is the result of the 
qualities of natural factors plus human labour or management (Jacks, 
' 1946; Aandahl, 1960). It is partly an economic concept since without 
management the productivity from most soils is of little account. 
It assumes that vertical technology for a high level of management can 
be applied as needed, and that erosion control is such that the soil 
will yield economically without deterioration. Productive potential 
is generally expressed in terms of yield per unit area but is also a 
function of time (e.g. kg/ha/annum). 
The term use-suitability indicates the suitability of a soil for 
a specified use. For example, a first rate pasture soil may be fourth 
rate for timber. 
Fertility refers to the nutrient status of a soil or ~ts ability 
to supply nutrients. 
Many attempts have been made to arrive at a more objective and 
quantitative estimate of soil productivity. Acoording to Jacks (1946), 
these include both inductive (marks awarded to soil, properties) and 
deductive (dedwced from yield data) methods or both. In the writer's 
opinion productivity ratings can only be of real value when based on long 
term yield data where the system and level of management are clear~y 
defined. In the United States productivity ratings usually include two 
figures. These refer to yield, expressed as a percentage of a 
'standard yield' determined in areas where the crop is a principal 
product, under 1) common practice and 2) the best current practice. 
A measure of soil response to good management is thus obtained. 
Since predicted yield values soon become outdated the use of single 
values, associated with the highest possible level of management, is 
worthy of consideration. 
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An example of an inductive method of soil rating is the Storie 
Index (Storie, 1933, 1959). This method purports to express 
numerically the comparative levels of suitability or agricultural 
value of soil and is based on characteristics that govern the land's 
potential utilization and productive capacity. It was used by 
Phillips (1966) to rate the soils of the Tugela Basin. In his opinion 
it provided no more than an index to the degree of suitability or value 
of a soil for general, intensive agriculture and did not serve as an 
index of evaluation of land itself. 
Inductive methods have obvious limitations. The Storie Index, 
for example, relies on subjective percentage values accorded to 
selected profile, slope and other characteristics. However, there is 
no moisture factor which, if included, may provide a better index 
(Phillips, 1966). The values for defined soil series presented by 
Phillips suggest that the index favours the medium to light textured 
soils and, although the assessment of productive capacity may be 
realisti c, the ratings have no clear relation to important limitations 
such as erosion hazard. It is not generally appreciated, however, 
that the Storie Index was developed primarily to assess irrigation 
potential and to evaluate land for taxation purposes. 
In considering such methods the writer is inclined to agree with 
Schattenfroh (quoted by Jacks, 1946) who, in discussing a German rating 
system, stated that "the allotment of points for separate conditions 
must by its very nature be so subjective that the points can be regarded 
only as a rough guide. Only expe~ience can teach the assessor his job." 
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Furthermore, he sides with Kellog (1951) who queried whether current 
knowledge was sufficiently developed to permit the satisfactory use 
of fixed schedules or 'score cards' for appraising soils. 
Clarke (1951) provided a guide to the relative productivity of 
certain soils by evaluating the physical characteristics of profiles in 
the field and then determining yields of wheat on the different soils. 
Overall profile values were obtained by awarding values to texture, 
depth and drainage. In this study the correlation between yield and 
profile value was good. 
In a quantitative approach to 'soil-suitability' developed in 
the Netherlands an interesting ,budgeting technique was used (Vink, 
1960). In this case quantitative data were combined to show 
practical differences between soil types and the suitability of each 
soil was expressed in normalized monetary units. The crops grown, 
their yields and the fertilizer and other costs incurred for each soil 
are important requisites for this method. 
Blagovidov (1960) suggested that qualitative differences between 
soils cannot be revealed by a comparison of yield data alone. He 
advocated that crop yield should, in fact, be regarded as a criterion 
for the correctness of soil evaluation . He suggested further that soil 
appraisal should take account of genetic, agronomic and geologic soil 
data and should be corrected by practical use on the farm. By this 
means, satisfactory correlations between appraisal classes and crop yields 
were established in the Ukraine. 
Yield prediction is perhaps the most useful means of expressing 
soil productivity. Because of its importance it has received special 
consideration in this chapter. Land capability classification is also 
an important interpretive grouping of soils but is excluded from this 
discussion since it is treated separately in Chapter 7. 
In the writer's opinion genetic soil classification is a pre-
requisite for any attempt to assess the soil resources of a region. 
Furthermore, soil-crop relationships, established under specified 
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management practice, provide the only sound basis for soil evaluation 
as indicated by Murdoch (1965, 1968). Invariably, inductive methods 
have appeal since they avoid soil classification and untrained men can 
apply them . Nevertheless, their adoption cannot be strongly 
recommended even in the face of considerable delays in classifying 
soils, establishing soil-crop relationships and training personnel. 
Methods awarding marks to soil properties have been purposely avoided 
in this study. 
Criteria for assessment: Criteria to be considered in making assess-
ments differ markedly. For instance, assessments of cropland consider 
properties such as drainage, texture, depth and slope while engineering 
application criteria may include water tables, plasticity limits and 
swell-shrink potential, and many others. Assessments made for 
recreation must take into account criteria such as flooding, slope, 
texture, the presence of rocks and hazard of dust since they relate to 
limitations for that specific use. In some cases, such as road fills 
and earth embankment, assessments must be made of the disturbed soil 
material. 
Criteria for evaluating soils for intensive arable use are of 
particular interest in this discussion and, for this purpose, the 
writer has evaluated the inherent permanent soil characteristics series 
by series. Although the tendency is to evaluate individual soil 
properties it is important that the profile be considered as a whole. 
Over-emphasis of single factors may result in other important criteria 
that may someti mes dominate the assessment being ov~looked . Smits 
and Wiggers (l959) ~ for example, fpund that the clay content of a young 
Zuiderzee soil was the most important factor in their classification 
of soil- suitability . Special note is made of van der Eyk's (1965c) 
'gradationalism of properties with depth' since this feature ~s of 
considerable importance in evaluatin~ soils of the E group . 
Where soil-crop data are lacking assessment must inevitably lean 
heavily on an appraisal of physical characteristics and qualities. Due 
consideration must also be given to the associated climate since this 
may also become restrictive. The capability of a sandy soil, for 
example, will be higher in a humid region than in a drier region. A 
reduction in either moisture or temperature generally results in a 
reduction in soil capability (Vincent, 1959; Klingebiel & Montgomery, 
1961). 
A review of literature reveals numerous criteria and other 
factors to be considered for the interpretation of survey data. Those 
consistently listed for agricultural assessments include: 1) effective 
depth; 2) drainage; 3) available moisture capacity; 4) erosion 
hazard; 5) mechanical limitations; and 6) texture (Soil Survey Staff, 
1951; Clarke, 1951; Hockensmith, 1958; Vincent, 1959; Storie, 1959; 
Thomas, 1960; Fed. Dept. Cons. & Ext., 1960; Klingebiel & Montgomery, 
1961; Loxton, 1962; Murdoch, 1968). 
Drainage, as listed, is used in a general sense and is determined 
mainly by the permeability of individual horizons. Textural properties 
should include both the upper and lower horizons. Erosion hazard, 
often neglected despite its influence on sustained productivity, is 
given high priority in assessing the soils of the Area. 
Slope is not included in the above list nor is it taken into 
account in making the assessments to be discussed. Nevertheless, it 
is of prime importance because of its relation to soil erodibility and 
mechanical limitations. The slope factor, including characteristics of 
steepness, length and shape is, however, dealt with in Chapter 7 since 
it is one of the main criteria used for classifying land in terms of 
capability. 
The above list is by no means complete. Frequency of overflow, 
infiltration capacity, salinity, alkalinity, soil reaction, organic 
carbon content or mineral deficiencies may, in certain cases or for 
specific purposes, be of prime concern. Many more criteria could be 
listed if non-agricultural interpretations are considered. Chemical 
characteristics are not generally used in the evaluation of soils for 
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rainfed, arable use. Phillips (1966), for instance, refrained from 
using data bearing on actual fertility. Nutrient status and organic 
carbon content have, however, been used in the assessment of soil 
capability (Cutting, 1959). In the United states, available nutrient 
oapacity (CEC) has been listed among other criteria for classifying 
soils into capability classes. 
A list of the main criteria used in making various assessments 
for the ·Area are presented in Appendix 9, together with the writer's 
evaluation of each criterion for all the main soil series. 
The management factor: Assessments of soil productivity that ignore 
the management factor are virtually. meaningless. For this reason, 
precise definition of the system and level of management is essential 
(Jacks, 1946). However, difficulties may arise since the farmer, 
through his actions, can render a soil highly productive or perhaps 
unfit for even the most extensive type of land··use. Thus, a skilled 
operator may reap a higher crop yield from a soil of low potential 
than the average farmer does from a soil of high potential. 
Unfortunately, anomalies of this nature cannot be avoided. According 
to Murdoch (1968), ranking the farmer himself, however desirous, is 
not only irksome but an arduous task with many pitfalls. Its value, 
too, is limited since the ownership pattern in most areas is continually 
changing. A rating based on yield data alone also has limited value. 
It is better to add the favourability of the output : input ratio as a 
criterion and to consider the ease with which a soil can be coaxed into 
providing long term profits without deterioration. Where much time, 
effort and money must be expended to develop poor-quality soils it is 
clear that their true value is low (Murdoch, 1968). 
The system and level of management applied to soils is often 
difficult to define because of the many and varied factors involved. 
For this reason, a standard level of 'good average' management has been 
assumed in assessing the soils of the Area • .. Murdoch (1961) described 
such farmers as being conscious of the need to conserve soil and maintain 
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fertility, able to profit from opportunities and hardworking. 
1) Interpretive soil rating and grouping 
A number of interpretive groupings and ratings of the soils are 
presented despite the lack of reliable data. They are based primarily 
on the writer's own appreciation of selected criteria, his experience 
and observation in the field and, to some extent, on the knowledge 
gained from laboratory and field experimentation. Despite likely 
criticism, the attempt is made in the hope that others may be stimulated 
into establishing more precise evaluations. 
Soil ratings should be continually re-assessed since, within a 
short space of time, improved technology and soil-crop research usually 
create a need for revision. This dynamic approach to soil assessment 
was clearly demonstrated by Murdoch (1968) who revised his appraisal of 
Swaziland soils biennially from 1960 onwards. 
are kept abreast of advances in agriculture. 
(i) Rating for general agricultural use 
In this way assessments 
This rating is intended to indicate the potential and suitability 
of individual soil series for 'general' arable use under rainfed 
conditions. Ratings for specific field crops are not considered 
because of the very wide range of crops and pastures grown in the Area. 
A general guide to the use-suitability of individual series is, ~owever, 
given later in this chapter. Erosion hazard influences the ratings 
considerably since it is felt that, under current levels of farming 
practice, this criterion is one of the most important. For this 
reason, soils of high erosion hazard are generally downgraded. 
Characteristics of depth, drainage, available moisture capacity and 
texture received special emphasis especially among the partially leached 
soils. However, textural variations above the 35 percent clay limit did 
not materially influence the ratings. 
The ratings do not provide a reliable basis for assessing 
productive capacit~ or for making direct comparisons between soils in 
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different ecological environment~ and apply specifically to the upland 
soils. Bottomland soils are not rated since they are unique 
entities requiring special appraisal and treatment. 
discussed in considerable detail in Chapter 6. 
They are 
The following five-point scale was used to rate the upland soils: 
I soils with very high agricultural potential, very few 
limitations, the lowest erosion hazard and suitable for 
the widest range of crops; 
2 soils with high agricultural potential, few limitations and low 
erosion hazard; 
3 soils with moderate agricultural potential, limitations and 
erosion hazard; 
4 soils with low agricultural potential, severe limitations and 
high erosion hazard; 
5 soils with very low agricultural potential, very severe 
limitations, very high erosion hazard and suitable for a 
very narrow range of crops. A permanent cover of vegetation 
is preferable on these soils. 
A positive sign is used (in addition to the numerical values) 
to denote further refinement within the rating classes. The same 
five-point scale is also used to rate the soils for afforestation, 
irrigation and erosion hazard. All ratings are assembled in Table 28. 
The agricultural ratings in the table reflect a preference for 
soils derived -from dolerite with their favourable characteristics of 
depth, drainage and erosion hazard. Since P-fixation and, in some 
cases, unfavourable moisture characteristics limit yield (e.g. 
SHORTLANDS) the ratings for these soils do not necessarily coincide 
with productivity. 
Emphas~s is given to erosion hazard as reflected in the 
consistent downgrading of the loamy to sandy soils of shallow depth, 
soils of poor drainage and those with claypans. Downgrading of the 
A2- and B2-association soils is possibly excessive but, in the absence 
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Table 28 Soil ratings in terms of general agricultural use, 
afforestation? irrigation and erosion hazard for 
the Howick Extension Area 
Soil Soil 
ratings 
asstn. Soil series Agric. Affores- Erosion 
use tation 
Irrigation hazard 
(i) Hi9hl~ leached soils 
BALMORAL 1 1 1 1 
Al Tabamh10l?e 1 1 1 1 
FARNINGHAM 1 1 1 1 
A2 Broadmoor 2 1 1 2 HUTTON 3+ 2+ 1 3+ 
FARMHILL 1 1 1 1 
He1pmekaar 1 1 1 1 
Lidgetton 2+ 1 1 1 
B1 GRIFFIN 2+ 1 1 1 Cranwe11 3 2 2 2+ 
CLOVELLY 3+ 2 2 2+ 
MISPAH (clayey) 4 4 4 4+ 
Humic phase 3+ 3 2 3+ 
CLEVELAND 3 2 1 3 
B2 OATSDALE 4+ 3 3+ 4 
MISPAH "(!oamy) 5+ 5+ 5+ ' 5+ 
(ii) Partiall~ leached soils 
VIMY 1 2+ 1 1 
Weston 1 2+ 1 1 
DOVETON 1 2 1 2 
01 MSINGA 3+ 3 2 3 
RICHMOND 1 2 1 1 
SHORTLANDS 3 3 2 2 
Bellevue 2 3 2 2 
02 Jagersdrift 3 4 2+ 3+ 
03 Loskop 2+ 3+ 2+ 2 Rooikop 3 3 2 3 
NORMANDIEN 2 3+ 3+ 2 
BERGVILLE 2 3 3+ 2 
RUSTON ' 3+ 3+ 3+ 3+ 
AVALON 3+ 3 3+ 3+ 
E1 NEWPORT 3+ 4+ 3 3+ 
SOUTHWOLD 3 . 4+ 3 3 
Shandon 4 5+ 4 3 
ARROCHA~ (~ 5+ 4 4+ , 
MISPAH clayey) 5 5 5 4 
Majuba 4+ 5+ 4 3 
Frere 4 5+ 4 4 
Melrose 3+ 3 3+ 4 
LEKS AND 3 4+ 3 4 
E3 SPRINGFIELD 4+ 4 4 5+ 
LONGLAN~S 5+ 4 4 5+ 
MISPAH sandy) 5 5 5 5 
GLENCOE 3 4+ 3 :3 
WESSELSNEK 4 4 4 4 
E5 WARRICK 5+ 5+ 5+ 5+ WASBANK 5 5 5 5 
MISPAH (clayey) 5 5 5 5+ 
KLIPFONTEIN 5 5 5 5 
E6 WINTERTON 4+ 4 4 3 ALBANY. 4 , 4 4 4+ 
F1 ESTCOURT 5 5 5 5 B1uebank 5+ 5 5 5 
RYDALVALE 4+ 5 4 4+ 
ARCADIA 4 5 4 4+ 
UMLAAS 3 4 3 3+ 
G2 KIORA 3+ 4 3+ 3 
RENSBURG 4+ 5 4 5+ 
PHOENIX 4+ 5 4 5+ 
Ladysmith 5+ 5 5+ 5 
, 
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of reliable erosion data, conservatism is favoured. 
The agricultural ratings are in general agreement with those of 
Phillips (1966), who used both the Storie Index (Storie, 1959) and 
Loxton's (1962) E.C.M. capability code to assess many Natal soils. 
However, it is suggested that in dgwngrading soils such as the HUTTON, 
CLEVELAND, Majuba, WINTERTON, ALBANY and GLENCOE series, Phillips was 
unduly severe. 
(ii) Rating for afforestation 
No critical study on soil preference of tree species has been 
conducted in the Area and it is evident from the literature that few 
workers in the Republic have successfully related site index to soil 
series. In a site evaluation study in black wattle conducted mainly 
in the Natal Midlands, Schonau (l96~ concluded that the soil series 
had limited value for site evaluation because of the considerable 
variation within the taxonomic unit. However, he found slope and 
depth phases to be highly significant in their effect on growth. In 
Swaziland,Murdoch (1968) established a reasonably good relationship 
between the growth of ~ine trees and soil series. He also reported 
that the effects of drought and hail-induced Diplodia damage were most 
severe on the shallow soils. 
Ideall~ interpretations for forestry use should list site 
indices, important management problems and suitable tree species for 
each soil. They should attempt to group soils that are capable of 
producing similar kinds of timber products, that need similar treatment 
and that have the same potential productivity. Since information is 
not yet available to permit this form of interpretation a simple rating 
of soils for afforestation is given in Table 28. Relevant information 
concerning management needs can, however, be gleaned from the assess-
ments made for other purposes. 
The ratings given in Table 28 are based primarily on soil 
properties such as effective depth, degree of leaching, moisture 
characteristics and texture. Other factors that may influence site 
98 
evaluation such as hail, frost, slope, aspect and mechanical 
limitqtions (e.g. rocks) are not taken into account. Since available 
water is the main factor affecting the growth and vitality of trees 
much emphasis is given to this criterion. In this respect, Schonau 
(1968) found that trees grown on sandy soils required a higher rainfall 
to make the same growth as those on clayey soils. According to 
Westveld (1951), very wet or dry sites produce small volumes of inferior 
timber. Poorly drained and droughty soils are thus automatically 
downgraded. 
From results obtained by commercial growers in the Area it is 
obvious that trees, especially conifers, are best confined to the deep, 
. , 
red, highly and considerably leached soils. The high potential of 
these soils for afforestation is also indicated in the ratings. This 
assessment agrees with the site index results obtained by Schonau (1968) 
who found that the best six soils out of thirteen series studied all 
belonged to this group. Obviously their favourable depth, moisture 
characteristics and drainage conditions render them ideal for timber 
production. Despite this, trees for general farm use (e.g. shelter 
and woodlots) can be ~rown extensively throughout the Area provided 
species are carefully selected to fit both ecological environment and 
soil. Hardier species of pine or gum should be selected for the 
shallow, droughty soils of the El~association. 
Poor initial seedling growth and windthrow are two management 
problems worthy of note. Both are probably related to poor rooting 
depth caused by severe Al toxicity in the upper B-horizon, especially 
among the Bl-association soils. However, growth appears to improve 
with time and is usually normal in the ratoon crop. Windthrow is 
confined mostly to the very friable humic phase soils and to the shallow, 
light textured soils of the MISPAH form. 
Although the bottomland soils are not included in the ratings, 
several of these are eminently suited to the production of Populus 
deltoides. With improved drainage, the neutral to alkaline soils such 
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as the KILLARNEY series and the better drained alluvial soils could be 
used for this purpose. Others, such as the Jagersdrift series or the 
excessively drained alluvial soils, could also be used if carefully 
irrigated. 
(iii) Rating for irrigation 
Recent developments and interest in irrigation throughout the 
Area justify rating the soil~ for this purpose. Although 
Hensley (1969) stressed the need to consider the irrigation potential 
of land and all its components, this assessment concerns only the soil 
factor. The ratings (Table 28) are intended to reflect the success 
and ease with which the soils can be irrigated and should be viewed as 
a measure of the inputs required to attain a particular level of 
productivity. No indication is given of the system of irrigation 
to be applied, although sprinkler irr igation .will · best cater for 
the widest range of soil properties and conditions of slope. Soils 
should be capable of remaining permanently productive under intensive 
irrigation since the artificially transformed moisture factor can 
profoundly modify a soil. - Caution is needed where soils have not 
previously been irrigated since faulty assessment may prove costly and 
cause permanent damage (Jacks, 1946). 
The ideal soil for irrigation should be at least moderately 
permeable through all horizons and have unrestricted rooting depth (at 
least 2 feet); a good supply of available moisture (at least 3 inches 
in the root zone); satisfactory aeration and infiltration rate; no 
extremes of texture, structure or consistency; salinity levels and 
exchangeable sodium of less than 2 to 4 millimhos/cm and 2 me/lOOg 
soil respectively when in equilibrium with irrigation water and should 
be resistant to erosion (Thorne & Peterson, 1954; Thomas & Thompson, 
1959; Dept. A.T.S., 1962; Mu~doch, 1964, 1968; Hensley, 1969). 
Texture and the predominant clay minerals play an important 
part in the assessments. The most favourable textural classes are 
those ranging from sandy loams to clay loams, or clay if kaolinite 
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predominates. A heavy clay soil with good water stable structure is, 
however , also suitable for irrigation . Hill (1965) has shown that 
textural differences can have a profound influence on water duties. 
Other criteria are also important . These i nclude the 
unfavourable physical conditions of the surface soil or the tendency 
to ! puddle' and crust, especially among El-association soils. Clay pan 
soils, such as the ESTCOURT series, are automatically downgraded on 
account of their unfavourable physical characteristics. According to 
Murdoch (1964) these 'two- deck' soils are problematic in irrigation 
planning s i nce their poor internal drainage might not be diagnosed 
early enough . Problems associated with poor drainage should, therefore, 
be determined at the outset. 
With these criteria in mind, the upland soils were rated on the 
five-point scale rangiog from (1) very good to (5) very poor . The 
values presented in Table 28 generally agree with the examples given 
by Hensley (1969) and the views expressed by MacVicar (1962). Although 
they provide a guide to the suitability of the soils for irrigation 
purposes, they require modification where crop tolerance of specific 
soil conditions is considered. On this basis, Murdoch (1968) up-
graded certai n shallow and heavy textured soils where sugar cane was to 
be irrigated . Furthermore, the need to plan irrigation schemes at the 
phase level i s stressed since minor vari ations in texture, depth , 
available moisture capacity, infiltration rate and drainage can be 
critical to the successful design and management of a scheme. 
Bottomland soils: As a result of thei r impeded dr ainage and 
frequently high water tables the 'vlei' soils are rated as poor or very 
poor. Artificial drainage and management of high order are required 
if these soils are to be successfully irrigated . 
The acid, hydromorphic group are generally the most favourable 
since their organic matter status is high and the danger of salinity 
low. Neutral to alkaline soils, though they are naturally drier, 
usually have more severe mechanical l i mitations, a higher erosion hazar d 
and, in the drier parts, a potential 'brak' problem. Irrigation 
should, however, be regarded as a prerequisite for the 'safe-use' of 
this latter group. 
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By definition, the drainage of the clayey alluvial soils (Ll-
association) is never worse than 'somewhat poor' (van der Eyk , 1965c). 
These soils are, therefore, rated as fair (class 3) or slightly better 
than the 'vlei' soils. By virtue of their excessive drainage the 
sandy members of the Ll-association are deemed 'good~ irrigable soils 
while their loamy associates are rated as 'very good'. More often than 
not the alluvial soils are also conveniently situated to the main source 
of water. 
(iv) Rating of erosion haza d 
Motivation for this assessment is unnecessary. Although 
erosion is the net result of many factors, the main consideration 
here is that soils differ in erodibility through their inherent 
properties. These properties form the basis for this evaluation. 
Erosion research and recorded experience relevant to the soils 
of the Area are limited to a few preliminary studies and reports. 
For example, Henkel et ale (1938) reported that the primary cause of 
sub-surface erosion among certain El-association soils near Rosetta was 
the swelling and shrinking properties of the sub-surface horizons. 
Scott (1951) and Edwards (1961) recorded soil losses on certain Tall 
Grassveld soils while Sumner (1957) and Hiemstra (1965) studied the 
erodibility of seJeral soil series occurring in the ESTCOURT area. 
Lack of essential erosion research data forced the writer to 
base assessment on the combined effects of important soil properties 
and observation in the field. The main properties, including inferred 
qualities, were effective depth, texture, infiltration capacity, 
. permeability of individual horizons, porosity, aggregation, swell-
shrink potential, predominant clay minerals, and organic carbon content. 
It should be noted that Sumner (1957) found the relationship between 
single properties and erosion hazard to be unreliable. He suggested, 
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however, that the overall effect of organic carbon was to reduce 
erosion. In keeping with the results presented by Hudson and Jackson 
(1959) soil loss was presumed to be greatest from the light textured 
soils. Although textural variations of the topsoil do not feature 
as differentiating criteria in the classification system, the need to 
consider these phases when assessing erosion hazard is great. Texture 
per se. cannot be used to predict features of erodibility, permeability 
or i nfiltration capacity (Sumner, 1957). 
Infiltration capacity is known to vary conside~ably between 
series~ For instaQce, Hill (1965) established that infiltration 
properties of the SHORTLANDS series were better than those of the 
WILLIAMSON and WALDENE series which are similar to many soils of the 
El-association. Infiltration capacity of the RYDALVALE series 
(G2-association) was rated as medium; Sumner (1957)a180 found that 
the infiltration capacity of soils derived from dolerite was higher 
than that of the ESTCOURT series. The permeability of the former 
group was 20 to 40 times better than that of the claypan soils. 
Erosion hazard of the upland soils was rated on the same five-
point scale. Ratings presented in Table 28 show that, in general, the 
hazard of erosion increases as degree of leaching decreases. The 
ratings also reflect favourable characteristics among all highly leached 
soils (excluding those of sandy texture) and greater stability among 
the soils derived from dolerite. There is general agreement between 
the ratings and the values presented by Sumner (1957). 
Hiemstra (1965) 'showed that soil erodibility could be 
distinguished by pH-value, extractable Na+ and H+ and the content of 
total bases. Soils with values of pH and total bases of less than 
5.1 and 5.0 me% respectively were the most stable. The light textured 
LEKSAND series was the most unstable of the soils studied . The order 
of erodibility established by Hiemstra, in terms of a ~imensionless 
erodibility index, was: 
AVALON < BALMORAL < CLOVELL Y < Bellevue <.RENSBURG < ESTCOURT < LEKS AND 
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The ratings shown in Table 28 do not entirely agree with this 
order, especially the assessment of the AVALON series. In addition 
to the writer's assessment MacVicar (1962) also rated the AVALON series 
as a moderately erodible soil, more erodible than both the BALMORAL 
and CLOVELLY series. These assessments are, however, subjective 
whereas Hiemstra (1965) used experimental techniques to establi sh the 
erodibility index. 
Bottomland soils: The most serious erosion encountered in the Area, 
as in other parts of Natal, is associated with the highly erodible 
bottomland soils. Under natural conditions of permanent wetness and 
dense plant cover these soils are reasonably stable. However, they 
occupy the natural drainage ~ays of the landscape and are subject to 
periodic flooding. This feature (which is accentuated in poorly 
managed catchments) together with faulty drainage techniques and 
unfavourable soil characteristics in the bottbmlands, has resulted in 
widespread erosion. 
An interesting result reported by Hiemstra (1965) was that the 
KATSPRUIT series proved to be the most stable of all the soils studied. 
From this it can be inferred that in their natural state, the acid 
hydromorphic bottomland soils are relatively stable. 
The following is a guide to the assessed erosion hazard of the 
hydromorphic bottomland soils using the usual rating scale: 
Class 1 IVANHOE, KATSPRUIT, Emmaus (Cl-association) 
2 CHAMPAGNE, Dell ( " " ) 
3 Emmaus (alkaline), KILLARNEY (HI-association) 
4 Matiwane ( " " ) 
5 RENSBURG and other soils of the H2-association. 
Erosion hazard of the almost level alluvial soils (Ll-association) 
is closely related to their characteristics of texture and drainage. 
However, if suitably protected, these soils rarely suffer serious erosion 
and are more often covered by deposits of silt. 
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(v) Grouping in terms of the E.C.M. capability code 
According to Loxton (1962a) the capability of the land to 
produce optimum returns in a system of long term sustained yields is 
governed by three main factors: erosion hazard (E), soil climate (C), 
or the moisture regime of the soil, and mechanical limitations (M) 
that hinder or prevent arable use. Assessment in terms of the E.C.M. 
code is thus based primarily on observable soil features and local 
knowledge of the environment. The capability code is designed 
especially for detailed ~edological farm planning where features of 
climate and slope are included in the assessment. These two factors, 
however, are not considered where individual soil series are 
evaluated. 
In order to give meaning to the E.C.M. assessments an attempt 
has been made to relate the capability code to the five classes of the 
agricultural rating. The extent to which E, C or M influence the 
ratings is thus indicated. 
For this purpose, the E factor is simplified into three classes 
of erosion hazard: low (1), moderate (2) and high (3). Soil climate, 
or the ultimate net effect of all forces affecting soil moisture 
conditions, constitutes the most important factor. The five prescribed 
classes ranging from very wet (Cl) to droughty or dry (C5) are used. 
Mechanical limitations are assessed in terms of the four classes 
presented by Loxton but exclude slope, rockiness and surface stones. 
Assessment of soil climate is sometimes difficult where the 
moisture regime varies constantly through a single season. For 
instance, in soils of the AVALON and LONGLANDS forms, it may range from 
wet (C2), due to intermittent waterlogging, through moist (C3) to 
somewhat droughty (C4). Diagnostic subsoil horizons, especially those 
s econd and third in vertical sequence, provide the best indication of 
the soil climate. Generally, yellow apedal B-horizons and P-horizons 
of the grey-brown soils relate to assessments of C4 and C2 respectively. 
Table 29 reflects the relationship between the a,gricultu r al 
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ratings for upland soils and the E.C.M. capability code. It is set 
out according to the three main soil groups defined in Chapter 1. 
Factors of E, C and M become more limiting from group I to group III 
and , where necessary, are refined by use of decimals. Because of the 
wi de range in soil conditions within group II, the possible range i n 
soil climate is indicated. Assessments for individual factors series 
by series are given in Appendix 9. 
Table 29 Relationship between agricultural ratings for upland 
soils and the E.C.M. capability code (Loxton, 1962a) 
EiC.M. capability code 
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The E, C and M evaluations for each series given in Appendix 9 
were checked against those presented by Phillips (1966) and several 
di fferences were established. This applies particularly to the group 
III soils where the writer's assessments of soil climate appear more 
severe. 
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(vi) Grouping for management purposes 
At the present time all defined soil series in the Area demand 
individual study and treatment. Despite this~ the assembly of soils 
into management groups could be of considerable benefit to farmers and 
to those engaged in extension work. For this reason two possible 
management groups are discussed i.e. in terms of a) - agronomic and 
conservation practice and b) lime and fertilizer use. 
(a) Agronomic and conservation practice: For this purpose 
soils likely to behave similarly when treated in a particular manner 
and with similar productive potential are grouped together. A 
tentative management grou~ng on this basis is shown in Table 30. It 
will be noted that the management groups are designated in terms 
of soil associations and soil forms, and the . main differentiae 
for each group are clearly indicated. Calcareousness and textural 
classes above the 35 percent clay limit play little part in the 
establishment of the management groups. 
It is possible that many of the Bl-association soils should be 
assembled in a single, more practical grouping and that the CLEVELAND 
and OATSDALE series should be united in a single class. This was 
avoided, however, because of marked differences in morphology. Although 
the RUSTON-AVALON and NORMANDIEN-BERGVILLE groups cover a wide range in 
degree of leaching, little evidence is available to indicate that 
further subdivision is required at this stage. The KIORA-UMLAAS 
grouping ignores the 35 percent clay limit but it is possible that these 
soils should be managed separately when intensively irrigated. This 
attempt has resulted in a large number of groups, several of which 
comprised single series. .For this reason it could be argued that the 
grouping is of limited value. However, the grouping is tentative until 
further knowledge of soil response to management is available. 
(b) Lime and fertilizer use: The management groups shown in 
Table 30 may be of little use to those concerned purely with the 
fertilization of soils. Yet, if each acre is to be used to its maximum 
Ta~la 30 I A tentative ~an.gement grouping for soil. in the Howick Extension Are. 
Diffarentiating cnracteri.tics 
I. HiQhly leeched upland aoils 
Red aoila Clayey 
<::::::::: L a amy 
Yellow-aver-red aoih ~ Clayey 
--- Loamy 
~ I'IOderata depth ------------_~"""::_-Clayey Vellow-brown soils 
--........... ~Loamy 
Shallow depth ~ Clayey 
--- Loamy 
Humic pha.e soils 





Deep - mod. \MOd. :.Iell-drained ~ B-horizon sedentary ~ Clayey 
.hallow soil ~ Loamy 
Sandy 
Lo..,er B-horizon soft ~ Clayey 
plinthite ~ Loamy 
Sandy 
lower B-horizon hard ~ Loamy 
plinthite --- Sandy 
Poorly drained ~ B-horizon sedentary ____ _ 
Lauer 8-horizon soft ~ Clayey 
plinthite ~ Loamy 
Sandy 
Lo..,erp~l~~~f~~n hard ~ ~~~~~ 
hallo.., aoils ~ ~od • ..,ell-drained over .hale ___ Cleyey 
Loamy sand 
Poorly drained over hard plinthite _______ ~--- Clayey 
 Loamy sand 
III. l'Ioderataly to slightly laached upland soils mostly strongly structured 
R.d soil. Structured Clayey --=:::::::::::: Apedal Sandy 
Non-duple. ~group II for plinthic ~orizons) 
~ Lo..,er B-horizon cutanic ~ E~:~~y 
Duplex or claypan ~ Lo..,er B-horizon prismatic textural ______ Clayey 
------ Lower B-horizon cutanic Clayey 
Grey-brown soilo 
Black soils ------__ ~----- A-horizon malenic Clayey 
---- A-horizon vartic Ovar C or R Clayey ------=::: Ovar firm gley Clayey 
IV. Bottoml.nd .oil. 
Hydromorphic .0Us ~ pH of upper G < 7.0 ~ with O-horizon «:::::::: Plestic Clayey 
" friable Loamy 
..,ith AI-horizon over firm gley _____ Clayey 
humic or orthic ~ar frieble gley ----- Loamy 
pH of upper G > 7.0 Clayey 
Alluvial soila stratIfied ~ Clayey 
Loamy 
Sandy 
150ilo mapp.d as D3-association 
2Structurad soil included in ~UTTON form ooils. 
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Includes most ~l-association soils 
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MISPAH !Clayey over shale) 
MISPAH loamy sand over shale) 
MISPAH poorly drained clay over hard plinthite) 



















over 35% clay 
lS-35% clay, over 50% sand 
lass then 15% clay, over 65% sand 
D •• ian.tion in terms of 
Soil 5011 form asstn 
Al "I - HuTTON 
A2 H2 - · Bla GRI - GP.IH!IJ 
B2a GA2 .. · BIb CLl - LlOV(ll Y 
B2~ Cl2 - · Blc ~a _ I'IISPAH 
B2c 1'12 - .. 
Blh -
Dla H3 - MUTTON 
Dlb H4 - " 
£la CU - ClOV (ll Y 
£lb CL4 - .. 
Da CLS - .. 
£lc AVI - AVALON 
£ld AV2 - " 
Db AV3 - " 
(Sa GLl - GL(NCO( 
(Sb GL2 - " 
£le CAL - CAATR(f 
(68 Ll - LONGLANDS 
(6b l2 - .. 
Dc U- .. 
(Sc WI - WA SBAIIK 
ES<1 W2 - .. 
£lf m - MI SPAH 
(3d 1'14 - " 
(Se 1'15 - " 
(Sf 1'16 - .. 
Dlc Sl - SHOATLArJDS 
D2a HS - HUTTOt. - -£lg GEl - G( MV AL( 
(lh LU - · fla (l - (STCOURT 
flb KRI - KROO NSTAD 
G28 KIl - KIOAA 
G2b ARl - ARCADI A 
G2c Al - A(NSBURG 
C18 CHI - CHAMP~G'jE 
Clb CH2 - · Clc KAI _ KATSPRulT 
Cld n - HRNWOOD 
HI KA2 - KATSPRUIT 
Ua 01 - DUND(( 
Llb 02 - " i-' 





potential (an essential if the increasing cost-price squeeze is 
considered) the farmer must know how to fertilize correctly. In fact, 
l i me and fertilizer guides based on selected soil groups are most 
necessary . Such groups could also serve to reduce the much needed 
calibration studies to a manageable number. 
Although no positive attempt is made to group the soils for 
thi s purpose, it is suggested that a .soil fertility guide would 
r equire soils to be grouped according to their suitability and 
productivity for each of the important crops grown in the Area . 
Fertilizer recommendations could then be prescribed in terms of 
soil test data, the crop and the soil group. The possibility of 
grouping the soils in terms of anticipated reaction to liming i . e . a 
lime response grouping, is also worthy of consideration. Although 
the groups in Table 30 generally separate soils of similar productive 
potential, a more simple grouping is probably required at this stage. 
Thus, it is suggested that a grouping based on similarity in degree 
of leaching, colour and texture will best meet the immediate n~eds. 
2) Assessments relating to agricultural engineering 
De Villiers (1962) emphasized the potential value of soil survey 
data for agricultural engineers and the need for soil to be treated as 
a genetic product of the environment and not simply as a material . 
Besides being familiar with the many soil properties listed by 
Stockstad (1958) , the engineer should have a th~rough understanding of 
the national system of classification and procedure for identifying 
soi ls . 
Soil properties for engineering purposes are often related to 
Atterberg limits which define the moisture limits for various physical 
condi t i ons and may be used to predict the potential expansiveness of 
soils. De Villiers (1962) determined these limits for a number of 
r epresentative soil series and found that certain criteria were not 
suffic i ently selective to prevent the highly leached soils (e.g . 
BALMORAL series) which , in practice tend to behave like silts, being 
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classed among the potentially expansive soils. A further result of 
the study indicated that these soils could fail if saturated with 
water and 'loaded'. This applies especially to clayey soils overlying 
pre-weathered saprolite. 
The 'activity' or swell-shrink potential of soils is of 
particular interest to the engineer and, in general, 'activity' 
increases as the degree of leaching decreases. Soils of the G2- and 
Fl-associations show the highest change in volume with change in 
moisture content. Soils of less than 27 percent clay are usually 
non-plastic or have low potential expansiveness (de Villiers, 1962). 
Soils rich in organic matter may, however, show marked volume changes. 
For instance, the writer found samples of the IVANHOE series, taken at 
six and eighteen inch depths, to shrink by as much as 34.B percent and 
4B.2 percent respectively when dried from an initial saturated condition. 
Tschebolorioff (1952) recorded values of up to 40 percent for peat 
soils . For this reason, soil material with a high content of organic 
matter is not suitable for earth fills. 
(i) Hydrological groups 
In the United States interpretations for engineering uses 
invariably include a classification of soils into hydrological groups. 
These groups indicate, in general, the amount of run-off to be expected 
from the soil when thoroughly wetted. The grouping is based on soil 
properties that influence infiltration and transmission rates and 
ignores the influence of ground cover. 
On a similar basis the soils of the Area are classified into four 
groups. 
A. Soils of low run-off potential. These soils have a high 
infiltration rate and rapid permeability. They are 
usually well- to excessively drained. Deep soils with red 
and yellow apedal horizons are included. 
B. Soils of moderately low run-off potential. The infiltration 
rates, effective depth and drainage conditions in these soils 
are generally moderate. Permeability is slightly restricted. 
Soils with red and yellow structured B~horizons are included. 
B-horizons of soft plinthite are permissible if the depth to 
the water table is adequate (over 36 inches). 
C. Soils of moderately high run-off potential. These soils 
have slow infiltration rates and restricted permeability. 
Slowly permeable, clayey subsoil layers are common and depth 
is often shallow. Hard plinthite or rock frequently occurs 
at a depth of between 20 and 36 inches. Soils with perched 
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gley, cutanic, soft and hard plinthic B~horizons are included. 
D. Soils of high run-off potential. These soils have very slow 
infiltration rates and severely restricted permeability o 
Soils with a high swelling potential, claypans, imper vious 
layers, permanently high water tables or of very shallow 
depth are included. Vertic AI-horizons and firm gley or 
prismatic textural B-horizons are characteristic of many of 
these soils. 
In this grouping a wide range in texture is permitted. 
Experience has not yet shown the need for further refinement and many 
additional groups would be necessary if all textural classes are to be 
accommodated. The classification is presented in Table 31 and should 



















Hydrological classification of soil series i n t he 
Hawick Extension Area 
Hydrological group 
B C D 
AV ALON ALBANY BLUEBANK 
Bellevue ARCADIAI CHAMPAGNE 
BERGVILLE ARROCHAR Dell 
CLOVELLY Frere Emmaus 
Cranwell GLENCOE ESTCOURT 
KIORA LONGLANDS IVANHOE 
LEKS AND Majuba KATSPRUIT 
Melrose MISPAH KILLARNEY 
NORMANDIEN (weathered Klipfontein 
NEWPORT shale) Ladysmith 
OATSDALE RYDALVALEI Matiwane 
RICHMOND Shandon MISPAH (hard 
RUSTON WARRICK plinthite) 
SHORTLANDS WASBANK PHOENIX 
SOUTHWOLD WESSELSNEK RENSBURG 
SPRINGFIELD 
UMLAAS 
1 soils tentatively upgraded 
(ii) Earth fills, dams and conservation works 
Several matters concerning conservation engineering are 
considered worthy of discussion since few attempts have previously 
been made to relate these aspects to defined soil series. 
Earth fills: According to Knight (1952) the relation between soil 
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type and the degree of compaction is best given by the maximum dry 
density and the plastic limit. Using ranges presented by Knight (1952) 
and data established by de Villiers (1962) the suitability of the soils 
of the Area for earth fills (excluding dams) was considered. It is 
apparent that sandy soils with sufficient binding material are the most 
suitable. Soils of good load-supporting ability are to be found among 
the El~ and E3-associations. Generally, these associations are rated 
good, the A2-, 82- and Dl-associations as fair to good, the Al- and 81-
associations as fair to poor and the Fl- and G2-associations as poor. 
However, the stability of soils in steeply sloped earth fills or 
embankments is an important consideration. In this respect, the light 
textured soils of the E3-association are among the least stable. Soft 
plinthic materials of sandy texture erode very rapidly if the embank-
ment is left unprotected. 
to slope length §nd steepness. 
Rate of erosion is, of course, related 
Soils of high silt content and plastic clay soils are generally 
unsuitable for earth fills. Data from numerous profile pits indicate 
that, with the exception of the bottomland soils, the soils of highest 
silt content are to be found among the highly leached group. Other 
factors such as accessibility, presence of stones and depth to water 
table will influence assessments for specific projects. 
Earth dams: Interpretation for farm dams should include both the 
embankment and the basin area. In this discussion only walls of up 
to 15 feet in height are considered. Although few materials are 
totally unsuitable for the small roller-fill earth dams the following 
requirements should be met: a high shearing value, impermeability, 
good workability, high density, favourable particle size distribution 
and low cost of handling. Wall material inclined to dry out 
should have the ability to adjust itself to gradual consolidation. 
Impermeability is judged from several criteria including 
texture, Atterberg limits, maximum dry density and compacted 
permeability. Dam walls failing to hold water as a result of the 
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excessive permeability of the soil material are not common in the Area 
but in some cases are associated with Al-, A2- and sandy Dl-association 
soils. This problem is more often related to faulty construction and 
outcrops of boulders or shale, or is the result of moles, crabs or 
tree roots. 
The margalitic and claypan soils, though unsuitable because of 
their high swell-shrink potential and poor workability can prove highly 
effective for impounding water if properly compacted and kept moist . 
If used, they should be adequately covered by other suitable soil 
materials to prevent drying out and grassed. Heavy textured 'active' 
material should form the centre or upstream portion of the wall or 
should be used for the clay core. 
Among the El- and Fl-association soils marked differences in 
texture, consistency and permeability between upper and lower horizons 
are important features affecting dam building. The most permeable 
material, usually from the upper horizons, should be placed on the 
downstream side of the wall. The highly leached soils, although the 
most easily worked, are associated with problems of excess pore pressure 
if construction takes place when the material is wet. Slightly dry 
construction is thus advocated for these soils and others that have 
high moisture limits. 
Factors to be considered in assessing the basin area include those 
properties of undisturbed soils that affect their suitability for water 
impoundments, especially those affecting seepage. Permeability, depth 
to water table or bedrock and slope (influencing storage capacity) are 
important criteria. Clayey bottomland soils (Cl- and HI-association) 
are the most favourable while severe seepage is often encountered among 
soils of the Al-, A2- and Dl-associations. Subterr~nean leaks 
sometimes occur in soils of the CLOVELLY and MISPAH forms where the 
underlying shale or sandstone is , fissured. 
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Assessments of the soil Tesouroes (association level) in terms 
of several engineering purposes, including dam building, are summarized 
in Table 33 (page l14(i)~ These are based primarily on data ~presented 
by de Villiers (1962), van der Eyk et a1. (1969) and the writer's 
experience in the field. Generally, the assessments for dam building 
are not as restrictiv~ as those presented by van der Eyk et ale (1969. 
Spillways and waterways: Erosion within the spillway area or water-
way is a major threat to most conservation dams and layouts, and greatly 
affec~s Ene planning and design of these works . For this reason, 
a general assessment of soil limitations or hazards for spillways and 
waterways (association level) is also presented in Table 33 (page l14(i)). 
Current procedures for designing spillways ara based on 
permissible limits for depth and speed of flow which, in turn, are 
dependent on broad textural classes (Dept. A.T.S., 1963; Pazzi, 1963). 
However, no account is taken of other important soil characteristics. 
To serve as a guide for those designing spillways, the main upland soil 
series are related to the standard textural classes in current use. 
Soils requiring special treatment with respect to permissible speed and 
depth of flow are assembled in a special class. The grouping, based on 
textural properties of the B-horizon , is pr~sented in Table ~2 overleaf. 
Adjustment to this grouping is necessary where hard shale or 
plinthite is exposed in the spillway cut. In this case, soils such as 
the KLIPFONTEIN, MISPAH, ARROCHAR and WASBANK series should be placed 
in class 5. Estimates for designing spillways or waterways should be 
conservative for soils in the special class, at least until more 
precise data are available. Problems associated with these soils 
have little to do with texture as such. 
Important criteria for waterways include soil features that 
influence the establishment and successful growth of the plant cover 
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Table 32 Grouping of selected soil series for spillway design 
Textural class Soil series 
1. Sand - sandy loam KLIPFONTEIN, LEKSAND, LDNGLANDS, MISPAH 
(sandy), SPRINGFIELD, WASBANK, WESSELSNEK 
2. Sandy loam - loam Jagersdrift, Melrose, MSINGA, WARRICK 
3. Loam - clay loam ALBANY, ARRDCHAR, AVALON, Broadmoor, 
CLEVELAND, Frere, GLENCOE, HUTTON, 
MISPAH (loamy.), OATSDALE, Rooikop, 
RUSTON, Shandon, SOUTHWOLD -
4. Clay loam - clay Bellevue, BERGVILLE, CLOVELLY, DOVETON, 
FARNINGHAM, GRIfFIN, Helpmekaar, Loskop, 
KIORAl, Majuba, NEWPORT, NORMANDIEN, 
Tabamhlope, Weston, WINTERTON 
5. Clay BALMORAL, Cranwell, FARMHILL, Lidgetton, I 
MISPAH (clayey), RICHMOND, SHORTLANDS, 
UMLAASl, VIMY 
Special class ARCADIA, Bluebank, ESTCOURT, Ladysmith, 
RENSBURG, RYDALVALE 
1 soils purposely upgraded 
and the construction of the waterway. These include depth, texture, 
drainage, moisture capacity, nutrient supply and erosion hazard, 
together with slope, stoniness and the problema of siltation and 
seepage. 
Generally, the spillway or waterway should be established well 
before the major work is constructed, either by seeding suitable grass 
species or b~anketing the area with sods. Sound fertilization is a 
prerequisite for successful establishment and subsequent protection of 
these vulnerable areas. 
Conservation' works constructed of earth: Until recently tariffs for 
the valuation of conservation works were specified in terms of three 
textural classes. This approach had serious limitations since 
important properties affecting the 'workability' of the soils were 
ignored. Furthermore, morphological differences between upper and 
, \ . 
lower horizons (e.g. ESTCOURT form) could not be accounted for unless 
exc~vation was kept to a specified depth. 'Workability' 1s usually a 
function of moisture content and cannot be defined by single measurements 
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(e.g. modulus of rupture or penetrability). The optimum moisture 
limits may also be extremely narrow in the case of some soils (e.g. 
RENSBURG series) and very wide in others (e.g. HUTTON series). 
Although no attempt is made to rate all the soils according to 
'workability' it is suggested that this criterion should be given 
greater attention when assessing the suitability of soils for 
conservation works. A reasonable approach would be to rate the soils 
to show their limitations (slight, moderate, severe) in 'workability' 
as indicated in the following example: 
Slight HUTTON, CLEVELAND 
Moderate: BERGVILLE, SHORTLANDS 
Severe ESTCOURT, RENSBURG 
(iii) Drainage, tillage and conservation requirements 
The rational selection of land-use practices to meet the 
capabilities and needs of each soil is not only sound, but often 
produces the most economic returns. With rising land pressure it will 
be necessary to bring soils whic~, because of their poor physical 
characteri~tics, are today~regarded as being ' 'marginal' under intensive 
culfi~at1on . This discussion, therefore, provides some indication of 
the current needs of the soils and those issues that will become 
important as intensification progresses . The assessments rely mainl y 
on physical soil criteria since little information is available from 
either research or recorded field experience. Consideration is not 
given to the specific requirements of crops. A summary of the 
drainage, tillage and conservation needs are presented in Table 33 . 
iO 
Drainage requirements: Factors to consider in assessing the drainage 
requirements are those soil properties affecting the installation and 
performance of surface and sub-surface drainage works. These , include 
permeability, te~ture, structure, swell-shrink potential and depth to 
an impervious layer or water table. Topography, hazard of flooding, 
'available outlets, corrosion potential and stability of ditch banks 
should also be considered at each site. 
Table )) I Selected engineering a.sessments for soils in the Hawick Extension Aree 
Soil l'IanaQa_ Suitability for dam ualls Spillway ment Sol1 .erles Drainage requirements Tillage requirements ", •• tn. 
~="" 
(wall height < IS feet) hazards 
(1) HighlX leached soils (a) UPLAND SOILS 
"1 q/N1 8ALMORAL . Generallr poor owing to repid Normal, as determined by crop need. 
Tabamhlope permeabi itt and outcrops of rock. L-M Nil 
f ARN INGHAM Easily worked. 'Slightly dry' construction advocated. 
,2 A2/H2 Broadmoor Poor owing to excessive permeabilit}. As above. Secondary tillage should avoid 
NUTTON Impervious clay core essential. Very pulverization and str~ctural degredation. 
easily worked. 1'1 Nil Rotovation for weed control and incorporation of organic residues permissible with slow rotor speed 
:~~9~!~~ef~~~~~~t~~~~d recommended. Avoid 
Bla/GRI fARMHILL Simil~r to Al-association, but Noror.al. Work deeply i.e. to lower limit of Al-
Lidgetton generally less permeable. L-M " il horizon with tined implement or chisel plough. rlalpmakaar Avoid !nversion of yellow apedal 8-horizon unless 
GRIfrIN adequately limed. 
Blb/CLl Cranwell As above. Leakage through shala Clayey and shallow soils As above. Shallow phase soils to be subsoiled 
ClOVEllY strata possible L subject to overflow may periodically. 
Bl require surface drainage. 
Blc/Ml MISPAH Poor. Shallow depth and exposed Internal drainage improved by Subsoiling recommended. Deep ploughing is 
(clayey) shale hinder construction. leakage L-VL subsoiling . justified under special conditions but may be 
through shale strata possible. costly. 
Blh Humic phase AI-horizon unsuitable, otherwise Soil s subject to over' low may Efficient tillage is dependent on moisture status. 
soils generally poor. L-M require surface drainage. Soil material adheres to implements when wet. Roll when 'slightly dry'. Avoid pulverization. 
See also Bia/GRI group. 
B2a/GR2 CLEVELAND Similar to A2-association M Nil As for A2-association. 
B2b/CL2 OATSDAlE Poor owing to excessive permeability. As for A2-association but inclUding occasional 
B2 
Easily worked if deep. leakage 1'1 Nil subsoiling for shallow phases. Minimum tillage 
through sandstene strata possible. and incorporation of crop residues recommended. 
B2c/1'I2 MISPAH Poor owing to excessive permeability, Internal drainage improved by Minimum tillage, subsoiling and rolling recommended 
shallow depth and possible leakage. M subsoiling. for pasture esteblishment. 
(li) Pa[t!allx l!eched 80ils 
01 Dla/H) VIMY fair but permeability of subsoil Weston 
DOVETON rapid. Easily worked if rock l-M Nil Normal. Deep tillage strongly recommended. 
~m~gND outcrops absent. 
Dlb/H4 MSINGA fair to ~oor owing to excessive Deep primary tillage, incorporation of crop 
01 Rooikop permeabi itr' B-horizon most fe vour- reeidues and winter ploughing recommended. Avoid 
able. Easi y worked under favourable 
1'1 .• Nil 
moisture conditions. structurel degradation. 
Olc/Sl SHORTlANDS fair but subsoil permeability fairly Nil. Subsoil when irrigated. Deep primary tillege in early wintar easential for 
Bsllevue rapid. firm consistence when dry l moisture conservation. Deep ploughing end increases power requirement. Rock occasional subsoiling recommanded. outcrops hinder construction. 
-
Conservation needs 
Influenced by slope. ~ood husbandry and easily 
applied conservation practices sufficient for 
safe use. 
Intensive biological (e.g. leys) and mechanical 
measures required for control of erosion by wind 
and water especially on sloping lend. Tillege 
and residue management important. Avoid 
exposure of land during late winter and earl~ 
sprin~ . 
As for AI-association. 
As for AI-association but more intensive for 
shallow soils. 
Intensive conservation measures required. 
Careful selection of land-use including long 
duration leys necessary. 
Intensive biological control measures required. 
Conserve organic matter and prevent exposure to 
wind erosion. 
As for A2-association. Intensity of need de-
termined by effective depth and t e . l ura1 c! a.s . 
Intensive biological and mechanical measures 
required. Long duration leys and residue 
management important. Increase intensity for 
shallow phase soils and evoid wind erosion. 
Very intensive conservation measures required 
especielly on sloping lend. Permanent sward s 
recommended. 
As for AI-association. 
Intensity dependent on slope. Mechanical con tr~ 
measures essential on sloping land. Conserve 
organic matter for long ter"., arable USB. 







Table JJ contd 
So 11 J I'Ianage-
5011 ~eri8S Suitability for dam walls Spillway 
... tn. :~n~n (wall haight < IS f.et) hazards rou 
(11) Pa[tiall~ laached soils 
D2a/HS Jagersdrift Poor owing to axcessj~8 permeability. 
02 M 
[la/CLJ N[wPORT fairly good. Leakage through under-
lying strata possible. Easil y worked 
if dep th no r mal. L 
£lb/CL4 SOUTHWOLD fair, similar t o above L-~l 
Good, especia : l y lower subsoll, 
£lc/AVl 
f,ORMANDI EN ~aterial. seepage through soft 
B[RGVILLE plinthite or concretionary L 
layers possible in basin area. 
£1 £ld/AV2 AUSTON tair i mpro ving with depth . As abo ve. 1'1 
AVALON 
£la/CAl Shandon fair "t!> poor. Shallow depth and 
ARROCHAR e xposed 8.1ale hinders construction. 
Leakage through shale strata L 
possible. 
EH/m r'lISPAH As above. L (clayey) 
£lgfC£l r'lajuba Fair improving with depth. Working 
becomes more difficult with increased 
dep th if dry. L-I'I 
£lh/GEl frare Fair to poor improving wi th depth. M 
[Ja/CLS SPRINGFIELD Poor, owing to excessive permeability. 
Easily worked if deep. Leakage 
through sandstone strata possible. H 
D 
Db/AVJ Melrose Poor to fair improving wi th depth. 
LEKSA~O Seepage t hrough soft plinthite or H 
concretionary layers possible . 
Drainage requirements Tillage requirements 
(a) UPLAND SOILS 
Nil. Carefully sited cut-off 
drains required for intensive 
As for Dlb/H4 >group. 
irrigation. 
Internal drainage improved by Deep grimary tillage
l 
including subsoiling and 
subsoillnq . Sinpla surface ~~~~!m!~d~~e~o~1~~~:t8~; ~~n::~:~ti~~~erSeCOnd8ry 
drainage techniques may be 
~~~~!~et~~:d~~a~~ ~~~~:~~ ~~f~~~!~nm~lsi~~~s and required on level terrain 
especiall y if irrigated. limits. Avoid tilla~e when soil is wet. Minimum 
In vestiga t e partial ~ounslopet tillage recommended 0 reduc& compaction. Rotovation for incoreoration of cro~ residues to 
subsoiling . be done with care. ight tined imp ements such 
as rotarr weeder or weeder mulcher suitable for 
e liminat ng crusts and for weed control,but should 
~~o~~~r~;e~u~;o~t~~ :~~e~;11sf~;~~17~e~~stures 
.:ls aOa ve. As f or a Oove but keep tillag e t o a minimum • 
Son,e fo r m of su rf ac e d r a i nage . 
and possibl y un~er g r o~nd 
As fo r [la/CLJ qroup. dra inage ( a.Q . mole) required 
f o r leve l la~d under urLgati on . 
. 
As f o r a t.;olle . Mole dra inage As for [la/CL3 group but keep t i ll ag e to a minimu m. 
doubtf ul due to liQnt te ~ ture. 
Subsoiling improves internal Deep tillage including subsoiling essential for 
drainage. Other forms of optimum production. Deep ploughing may be 
drainage not generally economically justified. See also Ela/CLJ group. recommended, but mar be 
justified on level and. 
As above. As above. 
Deep primary tillage including Deep and timeous tillage operations including 
subsoiling will improve over- subsoiling of prime concern. See also [la/CL3 
all draina~e. Surface drainage group. and possib y underground 
techniques justified for leve4 
irrigated land. 
As above. As above. 
Deep primary tillege (sub- Timeous deep tillage (including subsoiling and 
s oiling and ploughin~ improves minimum t illage) and residue management 
interna l dra inage. Additional racol'Mlended. Roll i ng usually adventageous . 
drainage ma y be nec essary Select machiner y to avoid excessive wear. See 
under IJ ery intensive irrigation. also £la/CL3. 
under~round draina~e (e.g. As at-ave. Avoid excessive tillage. Deep 
tiles may be just fied with ploughing recommanded. 
intensive irri~ation. Siting 
of cut-off dra ns important. 
Conservation nseds 
Easily applied conservation measures normall y 
sufficient. Residue management important. 
rairly intensive conservation required i ncl udi ng 
biological and mechanical measures. Ley cropping 
and residue management supported by efficient 
agronomic practice and deep tillage will 
generally ensure safe use. Conse r va tion of 
organic natter e s sent ial . 
, 
As for above but i ncreased i n t ensity r e~uired . 
Deep primary tillage, leys of moderat e ur at i on , 
residue management and mechanical measu r es 
important. 
As f or [ la/CL J grciup. 
Intensive biological and me cha ni ca l measure s 
required on s loping l a nd. Se l ec ted c r op 
rotations, tillage, re s i du e mana geme nt a nd 
supporting conservation structures i mpo r tant . 
As above but with i ncreased i ntensity. 
As above. 
Intensive conservation measures required fo r 
safe use. Similar to [la/ CLJ group. 
As above but with increased intensity. Selecti on 
of land use practices important (e.g. long te rm 
ley). 
Very intensive conservation measures neede d. 
Supporting mechanical structures required for 
protection since densit y of plant cover usuall y -
low. Keep crop period t u a min i mum. Prevent 
wind erosion by partial incorporation of c rop 
residues and protection du r ing early spri ng . 
As above. With sui table slopes can crop 
extensively provided residue management i s of 
high order. Efficient agronomic practice 









Table 33 contd 
50il.1 Mana
Q8-J .1 --~8.tn. ment Soil saries Suitability for dam wall. Spillway 
aroue (wall height < 15 feet) hazards 
(il) Pa[t!all~ lea~hed soils 
DC/l) LONGLANDS Poor to fair improving witr. depth. H 
(3 
Dd/M4 MISPAH ( .andy ) 
Poor owing to ~hallow depth and 
e ,cessive permeability. H 
(Sa/GLl GLENCO( poor. Hard plinthits hinders L-M 
construction. Clayey material below 
hardpan s ui tablA. 
(Sb/GL2 WESSELSNEK As above. M 
ESC/WI WA RRICK poor. Hard plintnite hinders 1'1 
construction. Lateral seepage above 
E5 
hardpan likely. 
ESd/W2 WASBANK A'i abo ve . H 
I'IISPAH Moderate but shallow depth and 
ESe/MS (clayey -poorly underlying hardpan hinders M 
drained) construction. 
MISPAH 
E5f/M6 (sandr - Unsuitable. H poor y 
drained) 
Good, especially lower subsoil. Ease 
E6a/Ll WI NTERTer, of working deperldent on moisture L-M ( 6 
status. 
E6b/2 ALBANY fair, improving witn depth. M 
fla/El ESTCOURT Al- and P-horizons fair if 
concretionary layer absent. B- and 
G-horizons good if coversd by VH 
rl material of low swell-shrink potential. 
Difficult to work. 
rlb/KRI Bluebank As above. VH 
G2a/KIl KIORA fair to good. Lower subsoil 
UI'ILAAS moderately permeable. Easily worked L 
if moisture conditions favourable. 
G2 G2b/ARI RYDALVALE fair to poor owing to high swell- H 
ARCADIA shrink potential. Should be kept 
moist. Difficult to work under 
extremes of moisture . 
Dra~nage requirements Tillage requirements 
(a) UPLAND SOILS 
Surface draina~'e for level As above but avoid tillage operation when wet. 
areas subject 0 overrl~w. 
Underground techniques tiles 
or slotted RiPe) control water 
table but s ould be economically 
Justified. 
Subsoiling recom~end8d. Similar to E3a/CL5. Deep ploughing may be justified. 
Shattering of hardpan may As for Eld/AV2 group. I r onpan mal' hinder 
inprove drainage but is costly. subsoiling. 
Surface drainage possibly 
justified. 
As above. As abovs. 
As for E4a/GLI but surfece As for (Sa/GU. Tillage should maintain the 
drainage justified for level shape of ridg9 ~ and incorporate crop residues. 
land. 
As above . As above. 
Surf~ce drainaqe with narrow 
inter-ridge s;Jacing recommended As for ESc/WI. 
if soil depth sufficient. 
As above. 
Restrict tillage operations to those required for 
pasture establishment. 
Deep, timeous tillage including subsoiling 
Surface drainage and sub- recommended. Avoid tillage when wet. See 
soiling recommended. 
aleo ElalCL3. 
As above. As above 
Under exceptional circumstances Arable use not generall{ recommended but tillage 
surface drainage I1'8y be required required for pasture ea ablishment. Avoid 
viz. if land level and irrigated. 
intarfefence and e'posure of claypan (e.g. sub-
soiling. Primary tilla~e dependant on de~th 
of claypan. Secondary t llaJe aimilar to 1-
asaociation soils. (See [la CL3.) 
As above. :~a~~~V:~xi~~~m~~r8~~~ee~~~~~~~~tr~~1:~~ :~~~t~n 
control. 
Nil 
Normal, aa determined by crop need. Dsep primary 
tilla~e and periodic subsoiling strongly recommended. 
Subso 1 when dry. ~riodic deep ploughing beneficial 
but sho~ld be economically Justified. 
Under special conditions may Heavy equipment includin~ subsoiler or tined 
require soma surface drainage. 1trplament required initia ly. LeeV8 in rourt> atate to weather. Avoid e,cessive secondary tillage which 
which should be shallow so as to prevent rapid 
drying out of surface. ~rio<lc subsoilJng with 2 or 3 
tined implement when ali~htlY dry recommended. 
Cultivate to reduce mois u_re l~~s_~!om deep cracks. 
Conservation needs 
Very intensive conservation measures reQwlre~w 
Selected land use practices, including lays of 
very long durati'on or permanent co ver, 
important. 
Very intensive conservalion m~asures required. 
Permanent plant CQver recommended. 
As for Eld/AV2 group but with increased 
intensity. 
Very intensive conser vation measures required 
including long duration lays or permanent cover. 
As abo vB. 
As above but permanent cover generally fa vou re d . I 
Requires intensive conservation. Permanent 
co ve r preferable. 
Very intensive conservation measures require d . 
Should be established to permanent cover . 
Intensive conservation on sloping land. Ridge 
and furrow provides adequate protection of level 
these. Land use practices to include long tern 
eys. 
As above but with increased intensity . 
Previously cultivated land require~ very 
intensive conservation especially biological' 
practices. Long term or permanent leys 
important. Mechanical measures of limited va lue 
but required during establishment period. 
As above but slightly less intensive. 
Requires moderately intensive conservation 
measures but depends on slope. GOOd husbandry 
and easily applied conservation .lractices 
normally sufficient for safa USE. 
Intensive conservation measures required but 
depends on slope. Design of mechanical 









Tabla 33 canto 
SoU "anag.- Suitability for dam wall. Spillwa) 
feastn 
",.nt SoU .ari •• Drainage requirements Tillaga requirements 
orOuD (wall haight < lS fa.t) hazardS 
(a) UPLAND SOILS 
(11) P.[tiall~ leached aoils 
G2 G2c/Rl R[NSBI.!RG Poor, owing to high swell-shrink In bottomlan'd position and with 
PHO[NIX potential tut ~ay be suitable if kept irrigation, surface and under-
Ladya-nith adequately moist. Difficult to ",ark. VH ?rOund drainage recommended. As above if cultivation permitted. 
G-horlzon suitable for core. n~;~~:rt~~~3gP~~:ti~oulge~~ 
 and subsoilh) necessary. 
(b) BOTTOMLAND SOILS 
Cla/CHl tVANHO[ GOOd .xcluding organic horizons. Surface drainage recommended. Tillage required for pasture establishment. 
Suitable for clay core. Usuall y open ditches should be Initial deep ploughing, rotovation and rolling 
difficult to work. carefully designed to avoid ~hen 'slightly dry' recommended. Initially shape 
"/A scour. Mole drains may be effective for draining O- af beds to be maintained by annual tillage ( e.g. 
horizons. Drainage s ystem should 3 years). 
pro vide 'absolute' control 
over ~ater table. 
Clb/CH2 CHAMPAGNE As above. N/A As above. As above. 
Cl 
Clc/KAl KATSPRUIT Good, especially suita~le for clay "/A Surface drainage recommended Allow time to moulder down after initial tillage. 
(mmaus core. Difficult to work . for safe disposal of o verfloy. Deep secondary tillage with tined implements 
Desp tillage improves internal recommended. Rotovation and rolling important drainage. Urdergrrund techniques 
not recommended thOU?h mole for seed bed preparation. Tillega should maintain 
drainage may~e cons dared. shape of beds. Avoid use when wet. 
See also Cla CHl group. 
Cg-horizon suitable. 
As for Cla/CHl group. Under-
Cld/n Dell Dif ficult to N/ A ground drainage (e.g. tile) As for CIa/CHI group. work. may prove suitable. Success 
of mole drainage doubtful. 
KILLARN[Y Primary tillage should be as deep as possible and 
Hl Hla/KA2 [mmau. Cg-horizons eui teble, aspeciall y for N/A As for Clc/K~l group. includes subsoiling when dry. See also Clc/KAl (alkaline) clay core. Difficult to work. 
Matiwane group. 
Lla/Dl ALLUVIUI'I Surface drainage and deep (chyey) N/A N/A As above. tillage strongly recommended. 
Llb/D2 ALLUVIUM N/A 
As above but considef mole 
(loamy) N/A drainage as possible As above. al tarnative. 
Ll Llc/DOI ALLUVIUI'I Surface drainege may be Deep primary tillage and incorporation of crop 
( .. ndy) N/A N<A necessary with intensive residues recommended. 
irrigation or for safe 
disposal of flood weter. 
Underground drainage (e.g. 
tiles) suitable if 
economicelly justified. 
Hazard rating I VH - vary high, H - high, M - moderate, L - low, VL _ very low. 
Cons.rvation n •• ds 
Very intenaive conservation required for soils 
in bottomland position. Ridge and furrow 
provides adequate mechanical protection and safe 
disposal of overflow. long term lays or 
permanent cover recommended. 
Very intens ive conservation required for bottom-
land as a whole. Ridge and furrow provides 
adequate mechanical protection and 9afe disposal 
of overflow. Restrict utilizetion to permanent 
pasture, preferably under irrigation. [stablish 
pasture section by section. 
A. ebove but with increesed intensity due to 
higher arosion hazard. Preferably left in 
natural state. 
As for Cle/CHl group. 
Aa for Cla/CHl group but with increased 
intensity. If safe use in doubt leave under 
naturel vegetation. 
Conservation primarily concerned with selection 
of land use pfactice. Lon~ term Of pefmanent 
pasture, prefefably undef ffigation, recommended. 
See elsa Clc/KAl group. 
Conservation practice to prevent scouring during 
floods. Ridge and furrow provides sa'e ~~ 
of flood water. Provid& protective cover. 










A surprisingly high proportion of the soils in the Area require 
some form of improved drainage, especially the sandy soils overlying 
sub-surface horizons of impervious clay. Poor drainage is frequently 
associated with landscape position, especially with slope gradients of 
less than 5 percent. Alternative forms of land-use should first be 
considered before initiating elaborate and costly systems of drainage. 
The recommended drainage systems discussed include both surface 
and underground methods. However, surface drainage, coupled with 
carefully selected tillage operations, will generally suffice for the 
majority of poorly drained soils. The high capital requirements of 
underground methods can hardly be justified under the systems of 
cropping currently applied in the Area. Despite this, it has been 
claimed that underground drainage can, in the long run, be a better 
economic proposition, is also cheaper to maintain and avoids wastage 
of land (S.A. Sugar Asstn., 1968). Nevertheless, it is doubtful 
whether underground techniques alone could handle the large volumes of 
water so often experienced during heavy rainfall. Many poorly 
drained soils overlie ferruginous hardpans or claypans at varying 
depths and are, therefore,unsuited to underground drainage techniques. 
They are also associated with a high run-off potential and erosion 
hazard. For these reasons,it is suggested that surface drainage, 
capable of handling large volumes of water and providing adequate 
erosion control, would be of greatest value over a wide range of soils . 
The broadland or modified 'ridge and furrow' technique advocated 
by Hill (1961) offers many advantages. It has already proved highly 
satisfactory in many parts of the ·Area on both heavy bottomland soils 
and i n shallow, poorly drained upland soils. Improvement i n the 
drainage conditions of some tropical black earths in Ghana was also 
achieved by this method (Brammer, 1959) . The 'ridge and furrow' 
layout has the advantage that between crests the capacity for flood 
water is large, providing a wide margin of safety, especially where 
abrupt changes in gradient occur. Furthermore, the improved drainage 
conditions permit the use of machinery soon after wetting. Because, 
after several seasons, a hardpan tends to develop at the base of the 
regular plough layer, lateral internal drainage is also encouraged. 
The success of this system depends on careful layout, 
construction and maintenance. Correct shaping of the beds usually 
takes several seasons, after which the system should function 
efficiently with normal tillage. Although precise data relating to 
width of beds and permissible gradients have yst to be established 
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for the various soils, much relevant information has been given by Hill 
(1961). Many hand-dug interception ditches are to be found in the 
cultivated bottomlands. The spoil from these (often incorrectly si ted 
and poorly maintained ditches) is usually dumped along one edge of the 
ditch and. impedes the movement of surface water . The resulti ng 
conditions are frequently worse than those experienced prior to 
drainage . 'Ridge and furrow' avoids problems of this nature . 
To date, underground drainage has received little attenti on i n 
the Area . Mole drainage and 'improvised' under gr ound drains using a 
var iety of available materials have been tried on some bottomland soils 
with varying success. Mole drainage, which can be done at relatively 
low cost, can be used to advantage on the clayey bottomland soils i f 
closely spaced (2 to 3 metres). Undulating surface condi t i ons , s andy 
textures and sub-surface obstructi ons shoul d , however, be avoi ded . 
'Improvi sed l drains can be used on a limited scale to improve loca~ we t 
patches or t o control the seepage from 'eyes' of springs wi thi n a 
bo t tomland . Ti le or plastic drains may prove successful i n some loamy, 
sandy and humi c phase soils but would f i rst have to be economi cally 
justified . The use of plastic pipes has the advantage of saving l abour. -· 
In additi on to the lack of spacing and depth specificati ons, t he limited 
scope for producing highly remunerative crops on soi ls dr ai ned by 
underground methods is a deterrent to the use of thi s techni que i n t he 
Area. 
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Tillage requirements: The basic tillage requirements of the soils 
are assessed by considering morpholog~cal features. Correct tillage 
is important in soil drainage, moisture conservation, the prevention 
of structural degradation and erosion control. The advantage of 
timeous tillage operations in promoting moisture conservation (e.g. 
winter ploughing) is not widely appreciated. This practice remains 
one of the most neglected aspects of crop production throughout the 
Area. Furthermore, few realize that with some soils there is a 
potential danger in the continued use of a particular operation or 
machine. With others there is a need to avoid certain operations 
between critical soil moisture limits. Hilll, for example, has 
observed the unexpected occurrence of a ploughpan .in the HUTTON series 
which he attributed solely to the use of a rotavator over long periods. 
Similar problems in soils of the HUTTON form have been noted elsewhere 
in Natal. 
Two groups of tillage operations are considered viz., primary 
tillage, including the initial ploughing or subsoiling, and secondary 
tillage including discing, harrowing, rotavating, cultivating and 
rolling. Extra deep ploughing (e.g. Nardi system) is receiving 
considerable attention at the present time "but little critical 
information for the Area is available. On the basi s of 
char acteristics, such ploughing should be recommended mainly for 
shallow soils, especially in the drier parts where an increase in 
effective depth and volume of soil will improve infiltration, moisture 
conservation and rooting depth. Despite this,farmers have recorded 
substantial yield increases even on soils such as the DOVETON series. 
Power requirements and costs are, however, likely to be considerably 
higher than those of conventional methods (e.g. subsoiling). 
Subsoiling is recommended for soils of limited effective depth , 
firm consistence and strongly developed structure. The shallow El-
association soils are particularly responsive to subsoiling. I t has 
1 P.R . Hill - "personal communication 
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been established that yields of maize on these soils can be 
d b b Olo 1 substantially increase y su S01 1ng 0 Furthermore, Hill (1965) 
reported a reduction in run-off and soil loss following subsoiling 
of the WINDERMERE series. Research is needed to establish yield 
responses and specifications relating to spacing, gradients, frequency 
and the power requirements for subsoilingeaoh soil series. Sub-
soiling cannot, however, be recommended for all soils. , For instance, 
Sumner (1957) and Jamison, Smith and Thornton (1968), warned against 
subsoiling claypan soils (e.g. ESTCOURT series) because of the likely 
sub-surface erosion and poor yield responses. Although 'downslope' 
subsoiling for improved drainage may be justified in some cases, its 
widespread application cannot be recommended without further 
investigation. 
Deep tillage is strongly recommended for many partially leached 
soils where improved moisture conservation is needed. Deep ploughing 
of some light textured soils (e.g. LEKSAND series) could also have the 
added advantage of bringing illuviated clay and nutrients from lower 
horizons to the surface. However, the advantage of deep tillage on 
the highly leached soils is not so clear. Analysis of data for 
numerous profiles indicates that the sub-surface horizons of these 
soils are highly infertile (Chapter 1) and it has been shown that the 
most favourable conditions for growth are confined to the relatively 
shallow, organic rich surface horizons (Graven & Theron, 1969). 
Problems may also result from bringing infertile soil material, rich 
in exchangeable AI, to the surface. Although lime could be incorporated 
to greater depths by deep ploughing the advantages have yet to be 
proved by field experimentation. For these reasons, the use of tined 
implements for incorporating lime and fertilizer as deeply as possible, 
without the actual inversion of soil material, is prescribed until more 
is known. 
1 
Department Agric. Tech. Services, Natal Region, Res. rep. N-Ko 2/2 
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Certain surface characteristics may require special treatment. 
Among El-association soils, for instance, there is the tendency to 
crust and form clods. Because these clods do not break down rapidly 
once they have formed, the moisture status at which tillage takes 
place is critical. In this case, primary and secondary tillage should 
be completed in rapid succession. 
Margalitic or 'black turf' soils of the G2-association have 
special tillage requirements. Initial tillage is often costly since 
heavy implements are required. Furthermore, the soils are either too 
plastic when wet or too hard and compact when dry. The aim in 
cultivating these soils should be to maintain a granular structure 
throughout the plough layer. The structure is stable as long as the 
soils are not 'poached' by cUltivation or trampling when wet (Brammer, 
1959). Following primary tillage, including subsoiling to a depth 
of approximately two feet, the soils should be left to weather and 
moulder down to a coarse, granular structure. This may take consider-
able time. Repeated discing and harrowing to produce a very fine 
tilth should be avoided since the soil material is then extremely 
difficult to work after rain. Despite the high swell-shrink potential 
and self-mulching properties of these soils, periodic subsoiling is 
recommended. Overall drainage and infiltration capacity are also 
enhanced by the deep cracks that develop when these soils dry, at least 
until the lower subsoil has again become fully saturated and the cracks 
closed. In the BONHEIM series this was found to occur after midsummer 
and resulted in a marked reduction in infiltration capacity (Burney, 
1968) . Some form of . surface drainage is also recommended for margaliti c 
soils exhibiting gleyed conditions in the subsoil (e.g. RENSBURG series) . 
Conventional tillage may compact a soil to a condition worse than 
before the initial ploughing (Cook, 1962). For this and other reasons, 
much attention is being given to 'minimum tillage' i.e. the least amount 
required to promote germination and provide optimum plant stands . Thi s 
technique, which is tantamount to wheel track planting, could possibly 
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be of considerable benefit if applied to the E group soils. 
Important soil criteria for assessing the tillage requirements 
(Table 33) are effective depth, nature of limiting material, texture, 
consistence, surface soil characteristics, swell-shrink potential and 
the gradation of properties down the profile. Recommendations 
concerning the type of implement or machine to be used are not~ made 
since these depend on many other factors including personal choice. 
There is, however, a need for further information on the influence 
that soils may have on the choice of machine. Sandy soils, for 
instance, cause excessive damage to implements with many wearing 
parts. 
Conservation needs: The assessment of erosion hazard (Table 28) 
forms the basis for considering the conservation needs of the various 
soils. Wind erosion is not of particular significance in the Area 
but may be of importance locally where land form influences wind 
direction and velocity. Within the Highland Sourveld light textured, 
humic and single-grained soils will erode as a result of strong winds 
if left unprotected during early spring. 
Conservation should begin with the careful selection and 
application of correct land-use practices. Apart from the choice 
of suitable crops these include all the important agronomic, tillage 
and drainage practices and the management of crop residues required 
to improve and ~onserve organic matter. " Adequate and correct 
fertilization is also viewed as one of the chief aids to effective 
soi l conservation . I t is impossible in this discussion to enume"rate 
the many possible biological and mechanical erosion control measures 
but an indication of the degree of intensity with which conservation 
practices should be applied is given in Table 33. 
Conservation needs depend on many factors and may change at 
different times of the year. For example, many arable fields are 
particularly vulnerable to erosion in early summer when plant cover i s 
usually inadequate. On the other hand, run-off from high swell-shrink 
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potential soils is greatest late in the season when subsoil horizons 
have become fully saturated. Furthermore, poorly drained soils 
(often given a high erosion hazard rating) usually have weak gradients 
in their favour. Factors such as these were considered in assessing 
the general conservation needs of the soil resources. 
3) Yield prediction 
Soil survey reports should predict the potentialities of each 
soil in terms of long term average yields of adapted crops under 
alternative sets of manage~ent practice (Soil Survey Staff, 1951) . 
Within specified climatic situations yield predictions, which express 
soil productivity, constitute basic information essential to land~use 
planners. Their importance lies in developing economic cropping 
systems. They do not suggest what should be done with the soil, but 
what may be expected from it. Predictions are statements using 
numbers not words (Aandahl, 1962; Riecken, 1962). 
Yield prediction requires the assembly of all relevant data at 
the time of the survey. Such procedure has not, however, been standard 
practice in recent surveys conducted in the Republic. This has led 
to a delay in the interpretation of sbils data. For this reason, it 
is strongly recommended that timeous fact collection should be seriously 
considered in planning soil surveys. 
Yield is the result of many interacting factors including climate, 
soil properties, crop characteristics, management and the skill of the 
operator. Yield prediction requires consideration of all these 
factors. Skill of the operator has a marked influence on ultimate 
yield but is often difficult to assess. Despite this, it can be 
assumed that a farmer who applies several good practices is also likely 
to do other essential operations efficiently and timeously. The combined 
influence of all practices applied by him will determine the final 
success and attainment of a maximum yield. In this connection, Odell 
(1958) found that yields of maize under farm conditions were approxi-
mately 25 percent less than those established by experimentation. 
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Management level often provides the ceiling to expected yield . 
Clear definition of both management level and the combination 
of practices applied to the soils is essential if predicted yield 
values are to be meaningful. Yield prediction tables usually reflect 
two levels of management but even this number may be excessive where 
technological advancement is so rapid that the predicted values soon 
become outdated. Because of the wide range in farming standards 
within the Area three levels were used in presenting the expected 
yields in Table 34 0 These are defined as follows: 
Level A: Management practised by the majority of farmers in the Area. 
Here, the soils are usually inadequately fertilized and/or 
drained and cultural practices are mostly poor. 
Level B: Management practised by the top 20 percent of the farmers 
i.e. the most successful and progressive conservation farmers. 
Cultural practices are of a high order and the soils are 
generally adequately fertilized and/or drained. Suitable 
rotations using the best available ~arieties are applied and 
cultural practices are good . 
Level C: Management assumed to be the best in the present state of 
the agricultural arts i.e . developed by the most up-to-date 
research. This level is consistent with that requi red to 
exploit the economic potential of the soil to its maximum . 
In considering practices to be applied at each level, i t should 
be noted that as they become more costly so they must fit the ki nd of 
soil more precisely. Furthermore, the great er the homogenei t y of the 
soil unit, the better the prediction is likely to be. Although the 
predictions in this discussion apply to soil seri es , the phase level 
is more meaningful for detailed farm planning . Steep slopes , for 
instance, have the effect of reducing yields although in most cases the 
reduction is slight. 
Yield predictions for selected crops: Here the object is t o i ndi ca t e 
the relative productivity of selected soils in the Area by predicting 
the yields of two widely grown crops viz . , maize and Eragrosti s 
curvula. The predictions are intended to serve as a guide for planning 
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production schedules and to encourage farmers to adopt a more 
quantitative approach in their cropping efforts . It is also hoped 
that others will be stimulated to compile yield expectancy tables 
for a wide spectrum of crops, pastures and trees for all the important 
soils. The predictions are based on meagre information gathered 
through interviews with farmers and extension workers, research 
projects, co-operative trials, study group reports and several surveys 
conducted in the Area. 
Climatic variations, because of their influence on yield, were 
also taken into account. However, the difference in temperature 
conditions between the Highland Sourveld and Midlands Mistbelt did 
not influence the predictions. As a guide to yield expectancy for 
highly leached soils in the Highland Sourveld, the yields presented 
should be reduced by approximately 10 percent . For obvious reasons 
abnormal conditions (e.g. droughts) were ignored . On a short term 
basis, yields can be expected to vary by approximately 25 percent 
although on shallow and sandy soils variation can be very much greater. 
Management levels and practices for the two crops concerned are 
briefly described on the basis of the defined A-B- C levels . Since 
fertilizer application is the main factor affecting yield, a guide is 
given to the rate of application for each level of management . 
Details concerni ng the numerous types of fertilizer and methods of 
application are of necessity omitted . The indicated nutrient levels 
refer specifically to those applied to highly leached soils and are 
approximately 20 to 30 percent higher than those for the partially 
leached soils . Efficiency in all agronomic and conservation practices 
increases from level A to level C. 
Level A: At this level soils planted to maize receive infrequent 
application of , to 1 ton of lime per acre followed by 20 to 
30 Ibs each of N, P and K per acre . Side- dressing with N 
is not a common practice or, if applied, the level is low . 
Plant populations are generally between 8 , 000 and 10,000 plants 
per acre and local varieties are commonly planted. Agronomic 
and conservation practices are generally unsatisfactory . 
For E.curvula the fertilizer applied is less than 100 Ibs 
N, 50 Ibs P and 50 Ibs K per acre. The rates given for P 
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and K apply to establishment. The nitrogen is generally 
applied in several dressings and the amount of lime is similar 
to that indicated for maize. 
Level 8: Lime i s usually applied at a rate of 1 to 2 tons per 
acre every 3 to 5 years . Fertilizer rates approximate 70 to 
80 Ibs N, 30 to 40 Ibs P and 30 to 50 Ibs K per acre although 
the levels of P and K may be considerably higher. Sid8-
dressing with nitrogen is common practice and plant populations 
are between 12,000 and 15,000 plants per acre. Hybrid 
varieties are usually planted and sound conservation and 
cultural practices, including pest and weed control, are 
applied. 
E.curvula is established with approximately 1 to 2 tons 
lime and 80 to 100 Ibs P per acre. Annual applications of 
200 to 250 Ibs Nand 80 to 100 Ibs K per acre are usually 
applied . 
Level C: Lime and fertilizer rates are based on soil analyses with 
threshold values established by research. As a general guide 
the lime requirement of the highly leached soils is usually 
between 2 and 4 tons lime per acre. Fertilization rates are 
based on target yields and are not less than 120 Ibs N, 80 Ibs 
p and 100 Ibs K per acre. Refined fertilizer and tillage 
techniques, such as band placement and subsoiling, are 
automatically applied where needed. Cultural, drainage and 
conservation practices are designed to meet the needs of 
individual soil series, maintain a high level of fertility and 
reduce soil loss to a minimum. Hybrid varieties are planted 
at populations exceeding 15,000 plants per acre . The return 
of all stover is common practice. 
As a general guide, the fertilizer rates for E. curvula are 
upward of 250 Ibs N, 100 Ibs P and 100 Ibs K per acre with 
most of the phosphorus applied at establishment . 
Yields of maize and E.curvula under the defined levels of manage-
ment for a number of important upland soils are presented i n .Table 34. 
The predicted yields under C-level management may appear unduly 
optimistic but, if the recent advances in soil and crop technology 
conti nue, even these could be outdated well withi n a decade. Already 
new yield horizons have been established that were once considered 
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Table 34 Predicted yields of maize and Eragrostis curvula for 
selected soils in the Hawick Extension Area 
Maize E.curvula (hay) 
bags/acre tons7acre 
Soil series Management level 
A B C A B C 
1) Highly leached soils 
over 
BALMORAL, FARNINHAM 12 25 40 3 5 8 
HUTTON 12 25 35 3 4 7 
FARMHILL, GRIFFIN 15 30 40 3 6 8 
CLOVELLY, Cranwell 12 25 35 3 5 7 
MISPAH (clayey) 10 18 25 3 4 5 
CLEVELAND 12 20 30 3 4 6 
.0ATSDALE 10 15 25 3 4 5 
MISPAH- (loamy) 10 15 20 2.5 3.5 4.5 
2) Considerably to moderately leached soils 
over 
VIMY, DoVEToN 12 22 35 3 4.5 6 
MSINGA 10 20 30 2.5 4 5 
BERGVILLE 15 25 35 2.5 4 6 
AVALON 12 25 30. 2.5 3.5 5 
LEKSAND 10 20 30 2 3 4.5 
WINTERTON 8 15 25 1.5 2.5 4 
ALBANY 8 15 22 1.5 2. 5 3.5 
LoNGLANDS 6 12 20 1 2 3 
ARRoCHAR 8 18 25 2 3 4.5 
MISPAH (clayey) 8 , 12 20 2 2.5 3.5 
KLIPFoNTEIN* 6 12 15 1 2 3 
3) Moderately to slightly leached soils 
over 
SHoRTLANDS, GLENDALE 12 18 25 2 3 4 
ESTCoURT* 6 12 ' 20 1.5 2.5 3.5 
UMLAAS 10 18 25 2 3 4 
ARCADIA 8 14 20 1.5 2.5 3.5 
RENSBURG* 10 16 .22 1.5 2.5 4 
* Not generally recommended for arable use 
unrealistic . In fact, experimental data for some soils show that 
very much higher yields than those indicated can be achieved in a 
favourable season. It will be noted that the more stable highly 
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leached soils have been favoured in the predictions. It is possible, 
however, that yields from the loamy HUTTON and CLEVELAND series should 
be similar to, or, on a short term basis, even higher than those of 
the clayey soils. 
According to popular opinion the grey- brown, considerably leached 
soils (e.g. BERGVILLE) have a higher yield potential than the associated 
red soils (e.g. VIMY) by virtue of their more favourable moisture 
characteristics at depth, their less complex fertility problems 
(especially P-fixation) and the less likely occurrence of witch weed . 
The similar yields presented for these two groups are based on the 
assumption that agronomic practice at the C-level will be such that the 
main effects of inherent soil properties will be reduced . 
Response of maize to 'inputs' is likely to be greatest among 
the highly leached soils. With low levels of management, it can, 
however, be argued that the partially leached soils hold economic 
advantage over the former group since costs of corrective lime and 
fertilizer treatment are relatively low. Nevertheless, there is little 
doubt that with the highest level of management the highly leached soils 
will produce substantial and consistent economic returns. 
Table 34 includes several soils (e.g. ESTCOURT) that are not 
generally recommended for arable use. Their inclusion is merely to 
i ndicate their assessed productivity for comparative purposes. Yields 
of E.curvula refer specifically to the peak production period of the 
ley. 
4) Use-suitability, limitations and management needs 
This discussion serves to summarize the information on use-
suitability, limitations and management for each · soil series. The 
information lacks specificity for planning soil and crop management 
programmes in detail but is intended as a general guide and a basis 
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for accumulating additional knowledge of soil behaviour. 
If the development of a pedological approach to land-use 
planning is to follow American experience, it is predicted that the 
farmer will eventually fit a combination of management practices to 
each soil on his farm to meet the objectives of the enterprize. In' 
this way he will tend to reap the same yield from a given crop on 
many kinds of soil. - However, the amount , ki nd and combination 
of practices used to achieve this will, of cour se, di ffer f r om one 
soil to another . This concept is very different from that in which 
a limited number of practices are applied to all soils and differences 
in yield are attributed to differences in soil productivity (U.S.D.A., 
1965). 
Generally, the highest agricultural potential for a wide range 
of crop, pasture and tree species lies with the highly leached soils 
despite their low inherent fertility. Although many problem~ 
relating to phosphate fixation, exchangeable Al and trace element 
deficiencies have been noted, experience shows that with judicious 
corrective treatment these soils are potentially highly productive. 
Among the partially leached soils physical limitations relating to 
moisture stress, erosion hazard, drainage and unfavourable surface soil 
characteristics are more important and influence recommendations for 
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use and management . On these soils the choice of crop, especially 
under rainfed conditions, is more restricted. Where possible, crops 
tolerant of moisture stress and poor drainage, and those providing an 
effective protective cover should be chosen above all others. 
Furthermore, the adoption of practices inclined to improve the organic 
matter status of these soils is strongly recommended. 
Claypan soils are problem soils . At present it is widely 
accepted that these should be treated as ~on-arabl~ soils and should be 
carefully protecte.d. While agreeing with this, the writer is of the 
opinion that there exists a certain po t ential for increasing intensity 
of use on these soils, albeit limi ted to pasture production . Managemen t 
of the highest order would, however, be required. Jamison et ale 
(1968) have demonstrated how well claypan soils respond to good 
management and how they can be brought to a level of production 
approaching that of the best soils. 
Assessments of use-suitability, main limitations and special 
management needs for all the main soil series in the Area are 
presented in Table 35. Since it is impossible to list all 
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alternative crops that can be grown on each soil, the assessments 
should be considered together with the discussion presented in Chapter 
6. Additional information concerning the bottomland soils is also 
given in Chapter 6 . 
5) Interpretations for non-agricultural uses 
Attention is drawn to these interpretations because the demand 
for them in the near future will be considerable. With the rapid 
urbanization and industrial expansion taking place in the Area careful 
planning is needed to avoid costly development and environmental 
hazards . It is necessary, therefore, that the soil survey be 
systematically expanded to include many interpretations for uses other 
than agriculture. 
No attempt has been made to interpret the soil resources for 
non-agricultural purposes in this study since many of the necessary 
criteria have still to be established. These include soil properties 
that affect such items as road construction and maintenance, building 
foundations, water storage projects, sewage disposal systems and even 
the corrosivity of metal and concrete conduits. Interpretations are 
needed especially for the development of residential areas, building 
sites for light industry and commerce and the location of highways, 
railways and even airports. 
Interpretations for aesthetic and recreational purposes ar8 
also important . These are required to conserve existing resources of 
land and water, promote beauty, prot8ct wildlife and develop . 
recreational facilities . Recreational projects may include, amongst 
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r ARN INGHAI'I -
Braadmoor 
HUTTerl . 
Bh/GRI I r ~RM"ILL ' 
Helpmekaar 
L1ogetton 
GRIH I N • 
-------
Blb/CLl Cr.nwall 
CLOV (LL Y • 
-------
I Blc/Ml "I ISPArl . 
(clayey) 
-------
BIn Hymic ph.l. 
eoUa of B-
••• oelation 
B2 I B2e/GR2 I CL£V(LAND · 
.... -_.-----------
Use-.uitabUl t y 
rlignly leecned .o~lo 
Stable soil. of very high potential for 
int.naiva arable use. Suitable for a ver )' 
wide range of cash and fOdder crops, 
vagetabla. and pastures. (~c3!18nt fo r 
affor.atation. Well suited to intensil.:q 
supplementary irrigation . 
~itn rigid consefvation an d efficient 
husbandry suitable for intens ive a rable use 
including a wide range of craps , pas t ures 
and trees. Le ys of mOdera t e dur a t i on S~ould 
ba included in t he rotati on. ~Bll suited t o 
supplementary irrigation. 
Stable soils of very nigh potential f or 
intensi ve arable use. Sui table f or u i ~e 
range of crops (e speciall y roots ) and qra s5-
clover pastures. Very suitab l e f or 
afforestation and supple~en tar y irrigati on . 
~aize-clo v Gr based pas~ur ~ o r potato-
Lcurvula rotations recOl'!lmended. 
Stable soils of high potential for i n te n ~ i v e 
arable use. Suitability a s abo ve. 
-----------------------, 
Uith intensi ve conserva tion and deep ti llaqe 
lavel areas have low-modera t e potenti al fo r 
arable usa. Rotation to include lays of 
10no duration. Second rate for trees. 
-----------------------
High potantial for arable us.. Best suited 
to rotation of potato •• , roots and pasture 
including Qr ••••• Such as E,curvula, cocks-
foot end ty.gr.... Clov.r production 
requir .. "illh levels of I1ma and phoepnorus. 
Perioda of croppinll ahould b. s hort. 
Suitable for cold resistant tree specie •• 
With ad.Quat. prot.ction .nd corrective 
fartilizer treatment moderate-high potential 
for arable u.. . Suitable f or fairly ",ide 
rano. of cropl. Short t.rm crop (roots and 
fodder) - 10nll term ley (e.g. E.curvula) 
rotetion recommended. Suitable for 
error .. tetion and supplementary irrigation • 
l'Iain limitations 
(a) UPLAND SOILS 
uery lou plant nutrient status and .~treme 
aCidity. Intense P_fiJCation. ProlonQ8d 
cultivation ~ay lead to deficiencies of K 
and trace elel'"'ents . Associated with steep 
slopes and outcrops of rock. Red colour 
adher8~ to root crops s.Q. potatoes. 
As for kl-association but higher erosion 
hazard ( lAnd C!nd water) on steep slopes and 
fo llowi nq prol onged culti vation. Generally 
a ssoc iateo wit ~ l o ~er aerial te~peratures 
in t t-; e Area. 
VEr y low plan t nutr i e~ t s tat us, AI-tox i c ity 
3nd se 'Jere P_ f i .. a ti on . In defic ienc y 
causinc, ' yell o..., i ng' in !"Iaize cOl"'lnan . Initial 
~ rout ~ of trees s o~e t i rB s poo r. 
AS a bo ~ e ~ith a aoed pOSSibility o f depth 
variat i on. Shallow soil s o ~ Brl y inq 
ueatnered 5 ~ale connon. 
lov plan t nutrien t status, s hallou dept h , 
noderate to hi gh erosion hazard and lou 
a vailable moisture capacit y. Underlying 
rock ~ay hinder culti vation. Trees sub j ect 
to wi ndt~row. 
Very low plant nutrient status and intense 
P_fixation. Subject to ero.ion by wind 
after relati vel y short periods of cropping. 
Build-up o~ important potato diseases (e.g. 
Rhizoctonia sp.) po .. ible. 5011.0 usociated 
with low .erial and soil temperatures. 
Tr •• s eubJect to windthrow. 
AS for 81-association but greater eroaion 
hazard (",ind and water) •• pecially on steep 
slopes and shallow phaaes . Rapid structural 
degradatIon and loss of organic matter 
results from continued arabIa use. 
~anagement ne.ds 
judicious lime and fertilizer practice. 
farming and organic matter conservation 





Corrective lime and fertilizer need more exacting but 
less complex than for AI-association. Organic matter 
conservation. Intensive conservation practic. on 
steYp slopes. Avoid pulverizing tillage operations 
and e ~ posure to uind erosion in early spring. 
Remarks 
Corrective lime and fertilizer 
needs to be establisheo by 
rese.arch. Shallow phases over-
lying shale fairly common. 
Affore~t8tion preferable on 
ste~p.r slopes. 
Water holding capacity and 
productive potential generally 
und.rrated. Eroeion control 
and corrective fertIlizer 
treatment require further study. 
Correcti ve lime and fertilizer treatment essential for First crop on virgin land often 
hiqh production. Or ganic matter conservation. Unless poor. 
steep simple conservation practice will ensure safe 
u SB. 
As abo ve but uit h more intensi ve conservation ~easures 
for s nallow o r steep phases. 
----------------------------
Adequate li~e and fertilizer application and especial-
ly deep primar y tillage and subeoiling can render this 
soil productive. Intensi ve conservation pra~tlce 
required on steeper slopss. 
Corrective lime and fertilizer treatment (lime and P 
requirement very high). Conservation needs fairly 
i ntensive especIally where subject to overflow and 
erosion by \oIind. 
Among the most extensive 81-
association soils. 
Occurrence on level terrain not 
e x tensi ve. Confined mainl y to 
stas.: slopes. 
---------------~ 
Advantage of reducing high 
organic content for diseas. 
control and improved 
fertiliz.r r •• pons. to be 
investigated. This should be 
related to specific crop 
rotation •• 
Corrective fertilizer traatment mar. exacting but le.s MoiaturE charact.ri.tics and 
complex than Bl-a •• ociation eoile. l'Iinimum tillage productive potential generally 
and intenaive conservation practic. requirad for .a'. underrated. [roslon control 
us.. Organic matter conaervation. Avoid pulverizing requires apacial study. 





T.ble 35 contd 
1'1· ... 11-50U 
•• atn. ment SoU sarie. U .. -suitability 
Qro"" 
(i) Highl~ leached aoils 
B2b/CL2 OATS~AL[ • low to moderate potential for at.ble use 
provided protection and corrective 
fertilizer treatment adequate. Lays of lon , 
duretion and short periods of cropping 
recommended. Steeper slopes requira 
B2 per .. nent cover. Suitable for traa. and 
liaitad supplementary irrigation. ---- ------- ----------------------
12c/1'I2 I'IISPAH • Low potenti.l for arable use. Sest suited 
(loamy) to production of parmanent pasture or lert 
under natur.l veld. Hardier tree specie. 
c.n be gro",". 
(11) Partiall~ leashed .oils 
Ole/H) VII'IV - Stable soil~ of high potential for intensive 
. waaton arable usa. S!~ilar to AI-association but 
OOVETON ' with fractionelly lower yield potential. 
Loskop· Suitable for wida range of crops, pastures 
RICHI'IOND - and traes. Very suitable for intensive 
suppl~.ntary irrigation. 
---- ------- ----------------------
Dlb/H. I'ISINGA • ~oderate to high potential for intensive 
Rooikop· arable us. under rainfed conditions. Maize, 
sorghums and rodder crops in rotation with 
IIr.s. leys rl;ommended. Second rate for 
01 sfforestation. Vary suitable for 
BUpplement~ry irrigation. ---- ------- ----------------------
Dlc/Sl SHORTLANDS • Steble soils of high potential for intensive 
Sellavue euble u.a. Under rainfed conditions crops 
I'Ione tolarent of moisture .tress recommanded 
(e.g. aorllhu.a, maize, soyabean., lucerne 
• nd E. ~uEvula). Suitable for intenaive 
irrigation. I'Iany cropa includinll lucerne, 
vellat.ble., citrue, whe.t and IIr.sa-clover 
. paature. cen be grown undar irrillation • 
COMMerci.l afforeetetion not rec~dad. 
~ 
Poplar could be grown under irrilletion. 
02 D2.jH5 Jallaredri rt Low to moderata potentisl under r.infad 
condition •• Very .uitable for intenaiva 
irrigation which will permit intenaive 
production of velleteble., lucerne, citru., 
wheat and high quality p •• tura. 
. l'Iain limit.tione 
(a) UPLAND SOILS 
As for CLEVELAND series but shallow depth 
results in higher erosion hazard and lower 
avail.ble moisture capacity. Single gnin 
condition w!11 result from intensive 
cropping. Shallow ohases t.end to be sandier 
than notl"lal. Trees subject t.o windth roIJ on 
shallow phase •• 
-----------------------
Very low nutrient status, vary shallow 
effective depth end mechanical limitation 
due to undarlyinc;a rock. Trees subject to 
windthr'lw. 
As for Al-a.socistion s~ils with added 
limitation of pariodic moisture stress • 
witch weed frequently associated with these 
.oil •• Trace element deficiencies e.g. Zn 
may be s e vera. 
-----------------------
low plant nutrient and organic matter 
status, moisture stress and moderate erosion 
hszard on sloping land. 
-----------------------
Droughty soil climate, steep slopes and 
outcrops of rock. low nutrient status 
aspecially P. Witch weed associated 
with these soila • 
Low eveilabla moisture capecity and plant 
nutrient .tetus (e.g. Pl. 
--
I Man~g8m.nt n •• ds 
As for CLEVELAND series but intensity of conservation 
practice to be increased. Deep tillage and subsoiling 
may aid erosion control. 
----------------------------
Correcti ve lima .nd fertilizer treetment and very 
intensive cons.tv.tion practice required. Subsoiling 
and deep ploughing advantageous. 
As for Al-association soils. Timeous deep tillage 
(e.g. ploughing and sometimes subsoiling) recommended 
for moisture conservation. 
----------------------------
In addition to corrective lime and fertilizer 
treatment and protection against erosion the 
con8ervation of moi.tura and organic metter are 
especially important. 
----------------------------
Efrective moisture con.ervation most naeded. Deep 
tillage and organic metter conservation recommendad. 
Occesional deep ploughing or subsoiling, a.peci.lly 
whera irrigated, end incorporation of crop reaiduea 
of benen t. Simple con.ervation measuras generally 
ensure aaf. u ••• 
l'Ioisture and orgsnic matter conservation . 
Remarks 





Usually essochted wittl steep 
slopes. 
rartility problems of 01-
essocietion soils not gsnerslly 
of aame ~dgnituda 8S thosa of 
Al-association. 
----------------
Not widespread in Area. 
- - - - - - - - - .- - - - - --
rurthsr study of irrigation 
reqLlremente and moisture 
cons.rvation needad. 
Occurs mainly on level sites 
adjacant to the 1'1001 river . 
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E3e/CLS SPRINGf' I Ell} 
U.e-sui tebUi ty 
Partially l.ached soils 
Hi9h potential for inten.ive arable u .... 
Rotation to include crops such as maIze, 
sorghums, soyab •• ns and leya (e.g. [.curvula 
and lucern .. ) of moderata duration. Sacond 
rate for afforastation. "ay be sprinkler 
irrigated. 
As for NEWPORT series but including leys of 
longer duration. 
fairly .table soile of high potential for 
intensive arabIa use. Especially suited to 
produ~tion of maize. Sorghums, soyabeans, 
cowpeae, wheat and short term leys of 
E.curvula also recommended. Second rate 
for afrore.tation. Cen ba sprinkler 
irrigatad with care. 
Similar to above with leys of longer 
duration on sloping land. 
Low to moderate potantial for intensive 
arable use. Short term crop (e.g. Maize, 
.oyabeans and sorghum) - long term ley 
(E.curvula, Rhod .. sgras. or lucerne) 
rotatIon recommended. Not .uited to 
affore.tation or intensive irrigation. 
Low potentiel for intensive arable use. 
Suit .. d to ley. of long dur .. tion or permanent 
cover (a.g. natural vald). 
Low to moderate pot .. ntial for intenaive 
erable u.... Cropa and pasture. tol .. rant of 
moi.tura .tr •• s racommended ... g. Sorghums 
end soy.beans. Lay •• hould be of long 
duration. Under apecial conditions may ba 
aprinkl.r irrigated. 
Aa for PleJuba .arias. 
Low potential for intensive arabI .. us •• 
Rotations to includa leye (e.g. E!curvu~a) 
of long duration end crops tolerant of 
moisture strass. Permanant cover 
recommanded for sloping land. Careful 
irrigation psrmitted. 
Plein limitetiona 
(a) UPlANQ SOILS 
rairly low plant nutriant and organic matter 
status and phy.icel limitations such as 
shallow effective depth, moderate moisture 
capacity, moderate erosion hazard and 
tendency to crust, form clods and puddle. 
Compact,ion likely under intensive grazing. 
Or.inage slightly imp .. dad. 
As for NEWPORT sarie. but with higher 
erosion hazard and moistura stress. 
Similar to NEWPORT sari ... but with slightly 
more favourable moisture characteristics. 
Impeded drainage in lower subsoil may affact 
deep rooted crops. 
Similar to above with slightly incraased 
erosion hazard and moisture stress. 
Shallow depth, impeded drainage, droughty 
soil climate, moderata erosion hazard and 
unfavourable surface aoil characteristics. 
Underlying rock may hinder tillaga. "ound. 
of snouted termite sometimes pr.vant 
mowing 
Very shallow dapth, droughty soil climate 
and moderataly high erosion hazard. Under-
lying rock hindars daep tillaga. Termite 
mo~nds may ba common. 
Physical limiatations including moisture 
.trasa, periodic waterlogging, moderate 
eroaion hazard and unfavourable surface 
soil characteristics moat important. 
As for ~Juba aari .. s but with incraasad 
arosion hazard. 
Shallow dapth, low available moistur .. 
capacity, high arosion hazard and low plant 
nutrient and organic mattar atatu •• 
"anaQement needs 
Judicious fertilization (eepacially N) moisture and 
organic mattar conservation. Deep timaou. tillaga 
including subsoiling and fairly intansive conservation 
practica. Avoid tillage or grazing when w .. t. 
Incorporate crop residues. 
----------------------------
As for NEWPORT series with increased int .. nsity of 
conservation practice. Oaep tillaga (a.g. subeoiling) 
r8comm.nd.~. 
Similar to NEWPORT •• ries. Emphasis should be given 
to correct fartilization (espacially N) and im~rove­
ment of organic matter status. 
----------------------------
Similar to above but raquiring intanaive conservation 
especially on sloping land. 
Similer to othar El-essociation soil. with emphasis on 
deep, timaou. tillage (including ploughing and sub-
soiling) and organic matter cons .. rvation. Intansive 
biological end machanical .. rosion control measures 
requirad on sloping land. Avoid tillaga or grazing 
when wet. 
Similar to ARROCHAR but raquiring more intanaive 
con.arvation practica. 
"oistura conservation and deep till ega to afr.ct 
i~rovad drainage and moiatura ratantion. Intenaive 
con.ervatlon practice. 
Aa for "-juba aari •• but with increased intensity of 
conaarvation practice. 
JUdicious fertiliz.tion (especially N). Deep timeous 
tillage, organic mat tar cona .. rvation and very 
intan.iva conearvation practice naadad. Subsoil 
ehallow phasea. 
L __ L ____ ~ ______ ~ _______________________ ~ ______________ --------~---------------------------
R .. marks 
~8rk.d responses to N and farm 
manure. Pig w.ed (Amaranthus 
~.) often troublesom ... 
Safe rotation of crops .hould 
ba established. 
Tillage, drainage and crop 
rotation requirements should be 
es tabl1 shed. 
In moist regions and with 
affici .. nt egronomic practice 
potantial genarally underrat .. d. 
Not widespread in the Area., 
Pl.~t denaity frequently too 
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Partiallv leeche" aoils 
~derate potential for intenaive arable use. 
On favourable slopes suitable for maiza, 
sorghums, soyabaans, groundnuts, wheat, etc . 
Rotations should include leys of moderately 
long duration. Can be sprinkler irrigated 
to advantage. 
Very low potential for intensive arable use. 
Suitable for leys of very long duration (e.g. 
Ps.palum spp.) espscially for silsge or hay 
production. Unsuitable for irrigation 
without effective drainage. 
Very low potential for intensive arable USB. 
Should be sown to permanent COVBr or left 
under natural veld. 
Fairly stable soil of moderate to high 
potential ror arable use. Recommended use 
similar to AVALON series for deep phases 
~ain limitations 
(a) UPLAND SOILS 
Low plant nutrient and organic matter 
status, high erosion hazard (wind and water~ 
low available moisture capacity and impeded 
drainage a~ depth. Trace element 
deficiencies and AI-toxicity may occur. 
Poor drainage, low plant nutrient and 
and organic matter status, high erosion 
hazard and low available moisture. Water-
logged conditions blternate with drought. 
Tillage dela yed when wet. 
Similar to SPRINGFIELD but with increasad 
erosion hazard and moisture stress. Under-
lying rock hinders deep primary tillage. 
As for AVALON seri~= but iron hardpan may 
restrict deep primary tillage. 
:1 :h~u~ _y:e:'d~~t:n:i:l_f:.::t:o:.a:l'!.. :'o'::,e:: _[ _____________________ _ 
As for GLENCOE series but with lower As for GLENCOE series but with lower 
potential and intensity of use. Rotation available moisture capacity and higher 
should be based on leys of long duration. erosion hazard. 
----------------------- ----------------------
low potentiel for intensive arable use. 
Suited to leys (hay or silage) of very long 
duration or permanent pasture sward. 
tolarant of poor drainage. Unsuitebla for 
irrigation unless erfactively drained. 
Poor drainage and moderately high erosion 
hazard if subject to overflow. Alternative 
period. of waterlogging and moisture stress. 
Difficult tilling and grazing whan wet. 
Unfavourable surface soil charecteristics 
end obstruction of deep primary tillage by _______________________ [i~~~: _________________ _ 
Vary low potential for intensive arable use. Ae ror WARRICK .eries but with severe 
Should be left under natural veld or planted limitations of poor drainage, low moisture 
to permanent pasture (hay or silage). availability and high eroaion hazard,. ----------------------- ----------------------
Vary low potential for arable use. Should be 
sown to permanent pasture or left under 
natural veld. 
Very .hallow depth, POOf drainage, low 
available moistufe cepacity and ironpan 
obstruction. 
~anagem.nt needs 
As above with emphasis on erosion control, organic 
matter conservation and tillage. Corrective 
fertilizer needs mora exac ting but less complex t~an 
(I-association s8ries. 
i Judicious fertilization (especially N). effective 
surface and/or underground drainage, very intensiv£ 
conservation practice and organic matter conservation. 
Avoid tillage and grazing when wet. 
Similar to SPRINGFIELD but requires very intensive 
conservation practice. 
As for AVALON serias. If subsoiling impractical or 
too costly surface drainage may be necessary. 
As for GL[NCOE series but with increased conservation 
of soil moisture and organic matter. 
measures should be intensified. 
Protective 
Effective surface and/or underground drainage. Deep, 
timeous tillage including subsoiling. Organic matter 
conservation and intensive protectiJe measures. High 
N requirement related to temporary waterlogging. 
Avoid tillage and grazing when wet. 
As for WARRICK series but including conservation 
prectice of greater intensity. 
[ffactive surface drainage depending on depth. 
Protection during establishment period. 
Remarks 
Potential and moisture 
characteristics qene rall y 
under-estimated. fertilizer 
neods, safe rotations ano 
optimum irrigation practice 
should be stablisnea. 
Usually associatea witn lowe r 
slope position and weak 
gradients. 
Potential related to oeptn. 
lronpan suitable for road metal 
Usually associated uit~ uea~ 
gradients. 
I ;.;.:.;,; ;.: ;:,;.;;,;.; ;,; ~,~,;. -"~.~ ---r.: :..:": ;:,; :,;, -,;,;.:.:, -.:":,;,; :. --- ------- -------- -- ----------T ----------------J 
























Soil •• ries Ua.-auitabUity Plain llo.itations 
(11) P.rtially l.ached soU. 
(a> UPLAND SOILS 
WINTERTON . Low potential for int.nsive arable u.e. 
E.inantly suited to _ixed pasture swards 
for hay or ailage (e.g. pa~al~ spp.). 
With effactive drainage II;(£ea cropping 
of .. iza, 8ilage crops and Poplar possible. 
Car.ful sprinkler irrigation recommended if 
effectively drained. Pastures of rescue 
and Ryegrass suitable under irrigation. 
Poor drainage, unfavourable soil character-
istics, compaction if grazed intensively and 
tillage delayed when wet 













Similar to WINTERTON series. 
Very low potential for intensive arable use. 
Generally regarded as non arable; to be sown 
to permanent well fertil zed awards (e.g. 
Rhodesgrass or E.curvula or left under 
natural veld. e cient managemen t and 
protection short (1 year) period of drought-
resistant crops could be permitted in 
rotation. Not generallr suited to irrigation 
although careful sprink er irrigation will 
increase crop rield but is generally 
uneconomic. H ghly remuneretive shallow 
rooted crops may Justify the expense if 
better soils unavailable. 
Similar to ESTCOURT series but land-use 
practice not as restrictive. Best suited to 
leys of long duration or p~rmanent cover • . 
Generally unsuitable for irrigation. 
~darate potential for intaneive arabIa use 
under rainfed conditions . Inteneive grain 
and fodder production sometimes hazardous 
but depend un seaeonal rainfall. Well auited 
to inteneiva irrigation. Wide range of 
crops including lucarne, vegetables, grass-
clov.r pastures and possibly poplars, can be 
grown under irrigation. 
Low potantial for intensive arable use under 
rainfed conditions. Suitable for short 
perioda of drought-resistant crops and lars 
of long duration or left under natural ve d. 
Suitable for careful sprinkler irrigation 
undar which fairly wide rang. of crops and 
paatur.s can be grown (e.g. cotton). Lucerna 
As for WINTERTON series but mechanical 
limitations not as severs. Higher erosion 
hazard if subject to overflow. 
Very high erosion hazard (especially sub-
soil), severe moisture stress, periodic 
waterlogging, unfavourable surface soil 
characteri stics, low plant nutrient status, 
high swell-shrink potential and difficulty 
work i ng when wet. 
High eros ion hazard, poor drainage and 
unfavourable moisture characteristics. 
Droughty soil climate, slight swell-shrink 
potential and moderate erosion hazard on 
steep slopes. Satisfactory tillage only 
possible between critical moisture limites. 
Droughty soi l climate and severe moisture 
stress at times of high evaporature demand, 
~n~ !:a~t~r~s_r~c~~a~d~d.:. - - - - - - - - - -r ----------------------
low potential for intensive arable usa undar Very high arosion hazard in the bottomland 
rainfed conditio~s. Permanent cover crops position, vary droughty soil climate, poor 
(a.g. lucerne or pasture) advocated. Limited drainage in lowar subsoil high swell-shrink 
period of drought-resistant cropa parmitMd , -
if adaquately protectad. In narrow bottom- potential and unfavourable physical 
lands subject to overflow should remain characteristics. Tillege delayed when wet. 
undar natural vegetation. Can be irrigated 
to advantage (sprinkler) but requires high 
level or management. Lucerne and pasture 
.. c.,.....nd.d if irrigated. 
• Soils mapp.d in 03-a.sociation 
I'Ianagement needs 
Effective surfece drainage. Deep timeous tillage 
(e.g. subsoiling) and organic matter conservation. 
Avoid tillage and grazin~ when wet. 
A~ for WINTERTON series .ut may require more intensive 
conservation pr.cti~ •• 
Very intensive conservation practice inclu.in~ 
adequate plant cov.r (well fertilized) during summrr 
and careful Jayout of mechanical structures (e.~. 
waterways). Organic matter conservation. Avoid 
disturbing subsoil and working when wet. Maintain 
grass sward around farm buildings to prevent de&p 
Gr ying out of subsoil and subsequent cracking . 
----------------------------
Very i ntens ive conservation of soil and organic 
matter , and judicious fertilization. 
Effective moisture conservation through deep timeous 
tillage. Conser"a t ion practice required on steep 
slopes. 
----------------------------
Moisture conservation judicious fertilization (N and 
p) and intensive protection against erosion. Avoid 
working when wet. 
----------------------------Very intensive coneervation practice, careful tillage, 
judicious fertilization and moisture conservation. 
With very level topography requires drainage (e . g. 
surface). 
Rs,!,arks 
Usually associated with lower 
slope position and weak 
gradients. Drainage tec hni ~ue 5 
require investiqation. 
[rosion control re s earch and 
optimum land-use practi ce t o be 
establi shed. Run-off inc rea s e s 
when subsoil i ~ satura t eo i. e . 
late in season. 
No t e xtensive in t he Area . 
Not wides pread in Area . 
No allowance made for 
calcareousnes s of ARCAD 1~ 
series. Rate of K supply may 
be too slow for hiQh demandi nQ 
crops. 
RENSBURG serie3 i n bottoml and 
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u~ t "'W,~ · (clayey) 
--- -------
Llb!D2 ALLUVIUI'I .. 
Ll I (loamy) 
LIC/DJ T -A~L;;VIU;; :- -
(undy) 
Usa-suitaDility 
Unsuitable for arable uae. With spacial 
land improvement and conservation techniQuBs 
cen be used for production of permanent 
p •• tufe (e.g. Paspalum spp., Fescue, r~e­
gra.s and clover) preferably under sprinkler 
irrigation. 
Similar to IVANHOE series but preferably 
left in natural atate. 
Unsuitable for arable use but may be used 
for the production of permanent pastures 
preferably under sprinkler irrigation. 
Requiree epecial land improvement techniques 
and conservation practice to ensure safe usa. ----------------------
Preferably left in natural state. Under 
special conditions could be established to 
permanent pasture. 
Where development is justified well suited 
to production of high producing pasture 
swards. May be irrigated (sprinkler) to 
advantage. Irrigation permits wide choice 
of pasture species. Under special 
conditions of. drainage and co'servation 
fodder (sillge and hay) crops and poplar 
may be considered. 
Limited potential for intensive arable use 
Dut potentisl for pesture production with 
effective drainage and sprinkler is high. 
Poplar production suitable if adequately 
drained. 
Main limitations 
(bY BOTTOMLAND SOILS 
Very poor drainage (waterlogging). 
Occasional overflow, potentially high 
erosion hazard and difficult to work when 
wet. Paresites ti danger to grezing live-
stock. 
As for IVANHOE serias. 
Very poor drainage and occasional overflow, 
potential erosion hazard, unfavourable 
physical characteristics and compaction 
under intensive grazing. 
Very poor drainage and potentially very high 
erosion hazard. (See IVANHOE series.) 
Very poor drainage and occasional overflow, 
intermittent moisture stress, mechanical 
limitations (including consistence and 
tendency to puddle and compact). Difficult 
to work when wet. Potential erosion hazerd 
and occurrence of poisonous weeds Matricaria 
!22. and ~YA~Aa spp. 
Poor drain~ge, periodic flooding, mechanical 
limitations (consistence and compaction) 
ailt deposition on fodder crops, presence of 
I!1or,"t.It eee. and difficult to work when wet. 
Management needs 
Effective safe drainage (surfece and underground) to 
afford 'complete' control over waterta~le. 
Conservation practices to protect vlei as a whole. 
Judiciqus lime and fertilizer application and 
establishment of ~asture in sections. 'Key' area 
to be totally protected. Roll heavily for pasture 
establishment. 
Remark 5 
1 Utilization to be consioerec with overall planr,ing of catc~­
. ment area especially "",itt"'· 
regard to water conser ~ ati on . 
----------------------------
As for IVANHOE series but with increased intensity of I Not extensive in tne krea. 
conservation practlc •• 
---------------------------~----------------
As for IVANHOE series although value of underground 
drainage doubtful. Preferable to cut for silage 
during summer and to graze during winter. Avoid 
compaction. 
;s-f~r-I;~HOE-s;rie~ ;u; ;r;a;e; in;e~sit; ~f- -- - 1-~;t-e:t;n~i~e-i~ ~n; ~r;~~ --
conservation practice. 
Similar to KATSPRUIT series. 
Effective surface drainage and protection against 
flooding, requires rapid removal of flood waters and 
protection egainst scouring. Avoid working or 
grezing when wat and conserve organic matter. 
----------------- -----~-----------------------.--------------------------------------------High potential for intensive arable u.e. 
Well suited to wid. range of crops snd 
pa.tures. Intensive vegetable production, 
luc.rn., paatur •• end poplars recommended. 
~e!.l_.~i!.e~ !.o.!~r~g!.t~o~. ________ _ 
Moderately high potential for arebl. ~e. 
Lucerne, high producing pasture., vegeteble. 
and poplars most suitsble especislly if 
irrigated. Irrigstion e •• entisl for maximum 
productivity. 
Periodic flooding and occurrenca of ~~.& 
!El!.. 
Excessive drainage, low availaDle moisture 
capacity, occasional flooding and occurrence 
of weede. 
Adequate and sefe dispo.al of flood watar, JUdicious 
fertilization and organic mat tar conservation. 
----------------------------Adequate and safa disposal of flood watar, protection 
against s~ouring, judicious fertilization end organic 
matter conservation. 
Successful proo~ctlon of popldr 








others, intensive (e.g. athleti c fields) and extensive (e.g. parks and 
picnic areas) play areas, campi ng sites and golf courses. Interpret-
ati ons coul d also aid the development of a variety of wildlife habitats. 
Although much research and experience is required before 
interpretations such as these can be made with confidence, the need 
for them is great . Many projects within the Area have been planned 
and completed without any regard to the suitability or limitations of 
the soils. 
3.3 Bench mark soils and agricultural research needs 
The need for further study of the soils of the Tugela Basin was 
described by Phillips (1966) as imperative, because the poor farming 
conducted on them was conducive neither to soil conservation nor to 
the economic advancement of the farmer. In the Howick Extension Area 
this need is just as great and there are now obvious advantages to be 
gained from the completed soil survey . 
Soil classification should be tested and refined, through 
research. In this way refinement of existing soil series on a basis 
of productivity and soil behaviour is permitted. For example, 
Riecken (1962) showed how the Grundy series was eventually~efined to 
have a much narrower range in morphology and productivity than was 
formerly accepted. Studies of this nature, especially of the upper 
clay percentage limits (55 percent) of the highly leached soils and 
refinement of the orthic Al-horizons, are strongly recommended. 
The soil survey provides the basis for a sound research 
programme. It requires, however, that each project should be clearly 
related to defined soil series, or phases thereof, by accurate soil 
identification at each site. This need is great since qualifying 
analytical data and descriptions do not always accompany present ·day 
research reports. 
The research worker should also appreciate that soil is so 
intimately associated with its environment that it cannot be taken 
'wholly' into a laboratory - only samples of its many parts can be 
.subjected to scientific investigation. For most studies he must, 
therefore, return to the field and integrate his results with all 
other unsampled properties and processes (Kellog, 1966). 
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Olsen (1966) drew attention to another important principle i.e . 
the inter~disciplinary approach to soil research. Pedologists 
should join forces with -planners, engineers and others in order to 
correlate all available information. Correlating the soil map and 
the mapping units with other available data, no matter what the source, 
often brings to light information of _great value. 
The following discussion refers to 'vertical' research and not 
to the broader 'blanket' or 'horizo~tal' research (Riecken, 1962; 
Oschwald, 1966; van der Eyk et al., 1969). Reference is made only to 
those aspects of particular importance to the Area. 
1) The philosophy of bench mark soils 
It is not practical to study in detail all defined soil series. 
To meet this problem a philosophy of 'bench mark' soils was developed 
in the United states whereby only special soils were selected for 
intensive study. Thus, 'bench mark" soils represent a small number 
of soils selected to bracket a wide range of soil conditions. By 
knowing their characteristics, qualities and behaviour, good predictions 
for other soils having similar properties can be made (Aandahl, 1962; 
Klingebiel, 1962). 
Using this approach, a number of 'bench mark' soils were selected 
for the Area. Due consideration was also given to the specific 
ecological areas in which the soils occurred. A list of the 'bench 
mark' soils, together with their major research needs is presented in 
Table 36 . The alluvial soils (Ll-association) were not included 
because of their extreme variability. 
2) Agricultural research needs 


















Table 36 'Bench mark' soil5 in the Howick [x tension Area and tt'l.lr main ~rlcultural rasaarch neaO!; 
Bench mark soils 
Soil 'series 
BALI'IORAL ond/or rARNINGHAI'I 
HUTTON 
r ARf'lHILL ond/or GRIrrIN 
CLOVELlY ond/or Cranw.ll 
I'IISPAH (cloyoy) 




IVANHOE ond KATSPRUIT 
VII'IY ~nd/or OOVETON 
!'ISING __ 










I'll SPAH (.ondy) 
GlENCOE 
WARRICK 










~ ~ : a 0' <> c ~ , C 
0<> , O"'L: 
~ 0. ... 
~ .... 
~ .... "tI ~ ~oo. 
~ mac U o a c 
a 0: U .. .... .... ~"tI , 
~ .. 0 c .... ~ 
r~~~ ~ r~~~ 
~ 0 
! 0 .. ~~ ... .... ~ c .. .. a ! .. c c .. c , 
!! a U a m ... c ~ ;: ~ ~ ::: ~ c , a a ~ ~ .... .c " 0. a ~ .. , U"tI 6 ~ 
~ 
L: ~ m a II c c a U ~ '" m .. .. U 0 !: ~ -~ ::: ~ .. a .... m a .. .. ~ ~ r .... .. "'u .. U ~ -~ II , .... '" .... , , ... ..J ... .. c .... ~ ~! .. "tI C .. .... " a .... .... .... ~~ .... ~ ~ -:;- -;:;- 0 -:;- -;:;- ... 2 0. 0: IE: .... 
X X X 
1 




X X X 
1 








X 1 X 1 
X X X 
1 




X X 1 X 1 X X 
1 1 
X X X 1 X X X 1 X 
1 1 
X X X 1 X X X 1 X 
1 1 
X X X 1 X X 1 
1 1 
X X : X 1 X X X I 
1 1 
X X 1 X X : X X I 
1 1 
X X X 1 X X X 1 X X X 
1 
1 1 
X X X 1 X X 1 X X 
- I 1 
1 1 
X X X 1 X X X 1 X X X 
1 1 
1 1 
X 1 X X 1 X 
1 1 -, 1 
xl X X X 1 X X 1 X X 
1 1 
X X X 1 X X 1 X xl X 
1 1 
X X 1 X X 1 X X 
1 1 
X X 1 X 1 X Xl X 
1 1 
X X 1 1 X X X 
1 1 
X X X 1 X X 1 X X X 
1 1 
X X X 1 X X 1 X xl X 
1 1 
X X 1 
1 
X X 1 
1 
X X 
X X I 1 X X X 
1 1 










I X X 
X X 
1 
1 X X X 
I 
I X X X X 
1 I 
X X I X X I X X 
I 1 
X X I X X I X X 
I I 
X X 1 X X I X X X 
I I 
X I x X I X X 
i 
I - Ir irrigoted 
2 - Oependln9 on sl tv_tion 1n landscape 
(X) - Spocial invo.tll.tlon 
a , 
0' ... 
C "tI m L: c 
c U a 
0 a ... .. c .. 0 
a "tI ::: .. c .... ~ ..... e "tI-" ::: "tI 5 ~ .. 
II uf .. .... c U ... .. c 










X x2 X 
X 
X X X X 









X X X 
X X (X) 
X X 
X X X X 
X X X (X) 













~ e .... , a a 
'" .. U ~ .. " ~ .. c a 0" c 
I 0. ... i <> ~ 
~ ~ 
U 
"tI II "tI 

















X X X X 1 X 
1 
X X 1 X 
1 
X X X 1 X 
1 
X X X 1 
1 














X X I 
1 
I 
X X X 1 
1 .. 
X X X X 1 
I 
X 'X X 1 
I 
X X X 1 
1 
X 
X 1 X 
1 
X 
1 X X X X 
1 
1 X X X 1 X 
1 
X X 1 
X X X 
I 
I 




X X X I 
1 
X X 1 
I 
X X X X 1 
I 
" X X I 
I 
X X 1 
130 
means a complete list of the many possible avenues for future research . 
Alternative soil series are listed where the need to separate soils 
for land~use purposes is not clearly warranted (e.g. 55 percent 
clay limit). Reference to 'crop rotation' includes all studies 
relating to organic matter conservation, residue management, fertility 
status and soil loss. 
The following, not necessarily in order of priority, are the 
main fields requiring intensive study: 
(i) Since the majority of soils in the Area are highly leached, 
fertility studies are among the most important. The ext~emely low 
plant nutrient status has led to poor conservation and limited economic 
achievement. The chief need is, therefore, to establish the lime and 
fertilizer requirements for a selected number of crops on the 'bench 
mark' soils . The best form of fertlizer and method of application 
(placement) should also be established and the role of rock phosphates 
and the economics of P-fertilization require thorough investigation. 
Amongst the partially leached soils, especially the El-association 
soils, calibration of optimum nitrogen levels as suggested by Mallett 
(1961) is important. Although the G2-association soils are able to 
supply more potassium at a particular energy level than most other 
soils, the rate of supply may be insufficient to meet the needs of 
high K-demanding crops. Further study in this direction is also needed. 
Graven and Croft (1968) have already established wi despread sulphur 
deficiencies in many Natal soils and investigations of this nature are 
required on a more intensive scale for the Area. Since a sound 
fertilizer advisory service is of immense value as a 'tool' for 
extension, the need to calibrate soil analytical data with yields of 
all the important crops and to establish critical threshold values is 
easily motivated. This is ·a top priority . 
A special appeal is made for investigation into the effects of 
organic matter on both chemical and physical soil properties and its 
influence on soil moisture and erosion. From observation in the field 
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it is clear that not only do soils differ markedly in organic matter 
status but their behaviour and management needs are greatly influenced 
by this property. 
The potential for 'fertili zer injury' on specific soils, 
especially those of light texture, low CEC and unfavourable moisture 
characteristics, is also important. On some soils, even small 
quantities of dissolved fertilizer salts contribute to the 'injury' 
potential. Upper limits to fertilizer rates, especially when banded, 
should be established. 
(ii) Physical characteristics influencing erosion control, 
irrigation, tillage and drainage provide an important field for study, 
especially among the partially leached soils. Additional physical 
data such as permeability, coefficients of liner expansion (COLE) and 
'workability' are needed for engineering interpretations and other 
non-agricultural purposes. Studies of this nature should not be 
restricted to single-value criteria but should also include the profile 
as a whole . 
Aspects relating to soil moisture, its entry into, movement 
within and improved storage of the profile, have an important bearing 
on recommended land-use practices for nearly every soil. Sub-surface 
barriers to promote improved moisture regimes and improved tillage and 
fertilizer treatment to ensure deep root penetration are also matters 
to be investigated . The influence of factors such as consistence and 
texture on depth, frequency, gradients, power requirements and economics 
of various tillage operations (e.g. subsoiling) are also worthy of 
intensive study . No attempt has yet been made to establish the power 
requirements for various tillage operations on individual soils . The 
establishment of optimum gradients for flood irrigation beds on each 
soil series provides a further example of fields yet to be studied. In 
addition, the drainage requirements and hydrological characteristics of 
the bottomland and other poorly drained soils should be investigated, 
since not only must recommended land-use ensure optimum production from 
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these soil~ but it must also ensure their safety. Leaching require-
ments of the ' vlei ' soils should also be studied since irrigation is 
a pr erequisite for their safe-- use. 
(ii~ ) Soil- crop relationships, under both rainfed conditions and 
irrigation, are of specific i nterest to the land-use planner . For 
his purposes the yield level attainable under different soil-crop 
management practices is of special value. These studies form the 
basis for soil evaluation and establishing yield potentials important 
to the planning of economic cropping systems. According to Riecken 
(1962~ the development of precise yield estimates and crop production 
functions and to add quantitative information for as many practices as 
possible, is a challenge for future research. Murdoch (1965) 
regarded the answer to the deceptively naive query of what harvest can 
be expected from a given crop on a particular soil series to be among 
the ultimate goals of applied pedology . From a number of alternative 
methods designed to meet this goal, including ' maxi mum yield ' trials ~ 
Murdoch (1968) chose to concentrate on a selected number of crops . 
Stands of these, wholly or largely floored by a single series, were 
selected and thoroughly studied. Odell (1958), in a yield prediction 
study, found that although records from 50 to 150 farm fields presented 
a reliable guide, small plot trials were more precise. Since the 
sheer organization of sufficient trials of this nature is likely to 
thwart such attempts in the Area, Murdoch's approach warrants serious 
consideration . For this purpose, farmer study groups with their 
economic bias could be used to good advantage. Possible refinement 
of primary correlations between crop yield and soil serie~ obtained 
through 'single-value' studies (Ball, 1964) and 'edaphic trials' 
(Butler, 1964) ~ i s worthy of further consideration by those seriously 
attempting to study this field . 
In addition to accepted farming practice, the suitability of 
many of the soils in the Area for high producing pasture swards of 
long duration has reduced the emphasis on crop rotati on. Despi te 
133 
this, rotations should remain an important field for study especially 
on the partially leached soils. The establishment of profitable 
rotations that fit not only local farming practice but contain soil 
loss to within specified limits, is urgently required. Cook (1962) 
showed that cropping systems resulting in effective conservation and 
economic production, can be selected on the basis of productivity 
indices determined by the percentage loss of nitrogen and organic 
matter following cropping. The arithmetic approach to the rise and 
fall in the productive capacity of land does, however, require years 
of research and,according to Vincent and Hack (1960), includes many 
imponderables. The writer supports Nathanson (1962) who urged that 
properly designed ley rotation experiments should be planned with the 
proviso that data pertaining to organic matter status and soil loss 
on different soils are obtained. 
The prevalence of certain diseases and weeds on specific soils 
should also be noted. For example, the occurrence of Rhizoctonia 
rot of potatoes on the humic phase soils of the Bl- association 
Amaranthus spp . (pig weed) on the El-association soils and wi tch weed 
on the Dl- association soils warrant further study . 
(iv) Improved pastures and the natural veld playa vital role in 
ensuring the conservation of most soils in the Area. Veld reinforcement 
and methods of replacement with minimum tillage are aspects requiring 
further study especially on the steep, low potential soils o Progress 
in this direction has already been made but more is needed i n the drier 
parts . Grouping soils into 'vegetative groups' or 'range sites', on 
the basis of their similarity in characteristics affecti ng their 
capability for producing veld and pasture plants,also requires attention . 
This would encourage a more intensive investi gation of soils within 
the 'non~arable' areas and inextensive farming regi ons o 
(v) Erosion control research is urgently needed and is related t o 
most of the fields already mentioned. The dearth of erosion control 
data, despite so much emphasis given to soil conservation since the 
passing of legislation in 1946, is inexplicable . A summary of 
results up to 1963 (Greyvenstein, 1963) indicates a meagre research 
effort in this field and since then, apart from isolated projects, 
little of practical value has been forthcoming. Elsewhere in the 
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world, especially in the United States, much emphasis is placed on 
permissible soil loss values in formulating recommended conservation 
practice~ (U.S.D.A., 1965). The writer agrees wholeheartedly with 
Burney (1969) who stated that "it is of vital importance to the 
future of this country to determine scientifically what the allowable 
soil erosion rates are on the various soil series". Such information 
should be the prime objective of erosion control research, since it 
could serve to plan essential conservation practices and be used to 
advantage by extension personnel to activate the complacent farmer. 
The value of agronomic practices in erosion control should also be 
studied simultaneously. In this respect, Vincent and Hack (1960) 
reported that efficient agronomic practice could be as effective as 
crop rotations and mechanical control measures in reducing soil loss. 
'No-tillage' and 'minimum tillage' techniques in some systems 
of arable production warrant special investigation since they benefit 
soil and moisture conservation. No-tillage planting after pasture or 
. broadcast crops is suggested for the highly and considerably leached 
soils. In the drier parts the use of mulch systems is preferred . 
This field has not yet received the attention it deserves. 
The beneficial effect of high fertility on soil and water loss 
has already been stressed but bears repetition. In fact, it i s 
strongly recommended that research and extension should promote , 
above all else, the idea that ,judicious fertilization is, in itself , 
an essential means of combating soil erosion . 
A particularly important field requiring intensive study is 
that concerning conservation engineering specifications for individual 
soils. This includes permi~ble gradi ents , spacing and speed 
of flow for various conservation works. Those in current 
use take little account of the characteristics of individual soil 
series. Specifications should thus be determined for individual 
series or management groups and should include · effects of slope. 
Soi ls of highest erosion hazard such as those of the Fl-, G2-
and E3~associations should receive priority. For the claypan soils 
studies such as those reported by Jamison et al. (1968) will be 
invaluable. An interesting feature of the ~tudy, reported by these 
135 
workers is that measurements of changes in soil surface elevation did 
not give reliable estimates of soil erosion losses, since large decreases 
in elevation of the surface can be caused by moisture losses in the 
subsoil. Greater attention should also be given to the use of well -
fertilized Cynodon dactyl on in the reclamation of eroded areas. Although 
qonga control has received considerable attention in Natal, the 
fertility needs of highly erodible subsoil materials to permit the 
rapid establishment of a vigorous grass sward, have not been established. 
Protection and seeding of exposed areas by means of various emulsions, 
the use of grass sods established elsewhere for blanketing the eroded 
area and testing the effectiveness of various grass varieties ~gainst 
scour, are also aspects requiring immediate attention. 
Erosion by water is most important but there is also a need to 
establish the seriousness and extent of wind erosion in the Area and, 
where necessary, the control measures. At present the problem is 
probably confined to the light textured soi ls of the A2-, 82 and E3-
associations and to the humic phase soils. 
(vi) Despite the results obtained by Shonau (1968) research should 
attempt to establish 'site indices' as a basis for interpreting soil 
data for forestry purposes. Soil limitations causing seedling 
mortality~ erosi on, windthrow and droughtiness , and the ordination of 
soils into suitability groups for timber production offer a wide field 
for study. 
136 
3. 4 Application of interpreted data 
A programme of education to encourage the widespread application 
of interpreted data should be given high priority in the overall 
extension programme for the Area. The aim should be to ensure that 
maximum use is made of all the existing soils information. The 
educational programme should describe the soil survey and explain how 
best it can be put to use. It must enlighten the public about soils, 
their capabilities and management needs and should explain how a soil 
will respond to treatment and manipulati on. Ideally, the programme 
should stimulate demands for more detail, better interpretation and 
perhaps, new and more detailed surveys. 
The programme should acknowledge that the audience for soils 
information is becoming broader and that many groups of people with 
many different interests, needs and goals are involved. It should, 
therefore, extend to both rural and urban communities (non-agricultural 
interpretations). Despite many benefits the programme may have for 
reaching the masses, it will not replace the need for individual 
consultation between farmer and soil scientist regarding specific 
problems. 
In finalizing the procedures and methods for such a programme 
much can be learnt from American experience. Bidwell (1966) reported 
that the best method of reaching the public is via community 
educational meetings provided a suitable programme is arranged and 
attendances are large . The success of such meetings ~epends on 
careful planning involving the various institutions, holding the 
meetings at the correct time, good pUblicity and visual aids, careful 
selection of speakers, drawcards and the support of all local people 
including those of influential standing in the urban areas. Community 
meetings within the Area should involve the local soil conservation 
committees, farmers' associations, farmer st~dy groups, programme 
planning committees, schools and other bodies. The venues selected 
should also cater for all sections of the community. It is suggested 
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that meetings should be held during the winter or early spring and 
be of It to 2 hours duration. Well-planned and timeous publicity 
via local press, circulars, posters, radio and personal contact should 
ensure good attendances (20 to 50) . Speakers should be selected from 
those concerned with recent advances in the field of pedology, 
including extension, research and university personnel. Maximum use 
should be made of visual aids including monoliths, slides, maps and 
field exhibits. 
The Area lends itself to short tours and excursions to view 
soils and related land-use practices in the field since a wide range 
of soils can be observed over short distan~es. The possibility of 
introducing community rivalry through soil judging or crop yield 
competitions should also be considered. 
The use of drawcards generally ensures successful meetings. 
Distributing copies of the soil survey report and other relevant 
literature on the soils could suffice for this purpose. American 
experience also shows that the supply of free refreshments is one of 
the most successful drawcards. The local Extension Officer should 
involve all people who could and should assist in the educational 
programme, including formal and informal leaders and influential 
business personalities. 
Spectacular but ineffective publicity should be avoided. A 
subtle approach is thus advocated whereby the entire community is 
'forced' into planning agricultural and other development on the 
basis of soil knowledge. For instance, all relevant extension media 
such as reports and pUblications (especially fertilizer guides) 




NATURAL CHARACTERISTICS AND AGRICULTURE 
CHAPTER 4 
OTHER NATURAL CHARACTERISTICS AND AGRICULTURE IN THE AREA 
Natural characteristics, other than soil, are described in this 
chapter. A summary is also given of the general agricultural 
conditions in the Area and the main problems associated with current 
farming practice. All of these features influence land classification I 
and land-use planning. Classification of land in terms of inherent 
characteristics provides the foundation upon which all other types 
should be superimposed. A thorough inventory of these characteristics 
is thus essential. 
4.1 Climate 
Besides its influence on the nature and distribution of the soils, 
climate is the most important single factor affecting land-use and 
determining agricultural potential. It also controls the development 
and distribution of many plant communities. Graham (1944), in 
considering the climatic climax concept, suggested that life and climate 
are so inextricably associated that their relationship cannot be ignored. 
Jacks (1946) also regarded climate as being most useful in demarcating 
broad agricultural regions for classification purposes. Local changes 
in climate assume greater importance as the intensity of land use 
increases. Such variations, brought about by frequent changes in 
altitude and aspect, are typical of the Area. 
In addition to a description of the most important climatic 
factors, several climatic sub-regions identified in the Area are defined. 
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1) Climatic factors 
Unfortunately, elements of precipitation and temperature do not 
define climate . Many i nteracting factors, some of which are difficult 
to assess, should be considered in evaluating climate. Ho~ever, in 
this discussion only the main factors are considered. All available 
data including official records and those kept by farmers within and 
in close proxi mity to the Area, were collected and analyzed to provide 
a general appraisal of the climate . Reference is also made to the 
'wster balance ' as defined by Thornthwaite (1948) since, as already 
indicated, it is clearly related to the soil resources. 
(i) Precipitation 
Rainfall: The available rainfall data for all relevant stations 
are presented in Appendix iO. From this information a rainfall map 
(Map 3) for the Area, at a scale of 1:250,000, was compiled. 
The mean annual rainfall varies between 600 mm and 1,500 mm and 
is distributed mainly between October and April. December and January 
are the wettest months . A constant summer : winter ratio of approxi-
ma tely 0.24 typifies many of the stations . Total rainfall values 
pr ovi de no indicati on of other important features such as variability, 
ext r emes and intensity . The coefficient of variation and mean 
devi ation at a number of stations were thus calculated. Despite the 
wide range of climati c conditions covered by these stations, the values 
were surprisingly constant, approximately 20 and 15 percent respectively . 
Lowest values of 15.4 percent and 12.8 percent respectively were 
recorded for Nottingham Road. Unfortunately, no data on rainfall 
in t ensiti es were available for the Area . 
Highest (1271 mm) and lowest (516 mm) annual rainfall extremes 
for Notti ngham Roaq serve as an example of the erratic nature of the 
rainfall. Moll (1965) stressed the importance of this by suggesting 
t hat periodic low rainfall years could, in fact, determine vegetation 
t ype. The mean annual number -of days with rain are also shown in 
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Appendix 10. Mean values for areas of high (>900 mm), moderate (700 
to 900 mm) and low «700 mm) rainfall are 114, 101 and 65 days 
respectively. The relationship between rainfall, aspect and altitude 
is illustrated in Appendix lla and lIb. The importance of elevated 
barriers in creating local rain shadows is clearly demonstrated by 
these illustratipns. 
Mist: Much of the Area lies within the so-called "mist belt" 
of Natal where the physiography encourages the formation of mist, 
especially at altitudes above l220m (4,000 ft) . Mist frequently 
covers the high-lying areas in summer while, in winter, the drainage of 
cold air often causes mist in the valleys. Besides providing an 
important source of moisture, mist also has the effect of reducing 
. 
evaporation and increasing humidity. The climax Podocarpus forests 
which characterize many southern-aspect slopes bear testimony to the 
moist conditions. 
Hail and snow: Hail and snow are important limitations within 
the Area. Thunderstorms, often accompanied by hail, are particularly 
common in early summer. The incidence of hail, though fairly similar 
throughout the high rainfall areas, increases in the drier parts. For 
example, the average number of days with hail for Nottingham Road and 
Cedara are 3.4 and 3.5 days per annum respectively, while for Estcourt, 
an outside station representing the drier areas, the value is 4.9 days 
per annum. Although November experiences most hail, it also occurs 
fairly regularly during December and January (S.A. Weather Bureau, 
1954). Hail not only causes damage to crops and trees but is also a 
constant threat to natural fauna and flora. A severe hailstorm which 
struck the Dargle Valley in 1963, took heavy toll of many forms of 
wildlife, including bushbuck, and caused serious damage to the indigenous 
forest trees. Secondary infection by Diplodia pinea causes serious 
losses in pine plantations following injury. 
Snowfalls have been recorded in all but the driest parts of the 
Area. The regular snowline is , however, at .approximately l524m (6,000 ft) 
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above sea level . One or more falls can be expected above this 
altitude during the winter months. Mechanical damage to trees is 
sometimes serious and 'out of season' snowfalls, generally occurring 
in early summer and accompanied by severe cold and frost, are ; 
particularly harmful to crops and livestock. 
(ii) Temperature 
Temperature data are assembled in Appendix 12a although very 
few official or farm records were available. The data indicate that 
mean annual temperatures of less than 150 C typify the coolest parts of 
o 
the Area while in the warmest parts they exceed 18 C. Temperature 
extremes for selected stations are given in Appendix 12b. These 
have an important influence on agriculture since they affect the 
distribution and suitability of many plants. 
Frost is experienced throughout the Area but is most severe at 
altitudes above 1524m (5,000 ft). At Nottingham Road, one of the 
coldest stations, temperatures below zero can be expected on at least 
75 days per annum. The drainage of cold air also has a marked 
infl uence on the occurrence of frost. Diurnal fluctuations in 
temperature are pronounced in the warm areas where cold air movement 
at night gives rise to large temperature differences between day and 
night. 
Three main factors affect temperature conditions in the Area. 
These are oceanic influences, altitude and topography. The thermal 
lapse- rate calculated for several stations is similar to the 1.60 C 
per 305m (1,000 ft) established by de Villiers (1962) for other Natal 
stations. 
To compare climatic sub-regions within the area, heat units 
were calculated for a number of stations. These were obtained by 
multiplying the mean monthly temperatures above a base of 50 C by the 
number of days in each month. Yearly and half-yearly values for 
selected stations are shown in Table 37. 
Table 37 Yearly and half-yearly heat units (degree-days) for 
selected weather stations 
Heat units (degree-days) 
Station Yearly 
Oct-March April-Sept Total 
Nottingham Road* 2170 1000 3170 
Lidgetton 2733 1770 4503 
Hopedale 2250 1392 3642 
Cedara* 2479 1654 4133 
Howick* 2627 1708 4335 
Bewdley 2836 1646 4482 
Weston 2394 1329 3723 
Estcourt* 2734 1564 4298 
Weenen* 3141 1732 4873 
Uitgedacht 3001 1720 4721 
(* Official weather stations) 
(iii) Wind 
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The most important sector from which the wind blows is south-
east (S . A. Weather Bureau, 1960). These are the main rain-bearing winds. 
During July, August and September, however, the wind blows mainly from 
the west and north-west sectors. These winds are locally termed 'berg 
winds' and, being hot and dry, have a marked desiccating effect. 
Besides being critical for forest regeneration (Rycroft, 1942) they 
give rise to a severe fire hazard in spring and may cause erosion. They 
are often followed by precipitation and a sudden drop in temperature. 
The wind factor also influences recommended land-use practice. 
For example, Hubbard (1964) was of the opinion that the. potential of 
the Highlands for timber production, especially pine, was limited by 
severe winds occurring during the cold months •. 
(iv) Sunshine and cloudiness 
The proportion of sunshine in relation to the total possible 
amount is very high (McCrystal, 1963). Official records indicate little 
difference in the average daily amount of cloud per annum between 
several stations. For instance, the values (Beaufort scale) fo r 
Nottingham Road, Cedara and Estcourt are 4.4, 4.4 and 4.1 respectively. 
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The slightly higher values for the two first named stations reflect 
higher rainfall conditions. November and December experience the 
highest percentage of overcast and misty days. These conditions 
seriously affect farm operations,~uch as haymaking~and encourage the 
development of plant diseases such as late blight of potatoes 
(Phytophtera infestans). 
o I 0' 
The Area lies between latitudes 29 00 and 29 40 south so 
that the sun is always to the north. For this reason, Moll (1965) 
noted that the angle of elevation at midday in mid-summer and mid-
winter would be 820 and 520 , respectively. North and north-west 
facing slopes thus receive the most insolation and are hot and dry. 
(iv) The water balance 
No attempt has been made to relate the climate of the Area to 
any standard classification. Information , is, however, given by de 
Villiers (1962) in his discussion on the classification of climate in 
Natal. The 'water balance' concept (Thornthwaite, 1948), despite 
certain weaknesses indicated by Phillips (1959), provides a suitable 
means for understanding the qualities of climate in the Area and 
provides a reasonable basis for explaining the most recent moisture 
regime under which the soils have formed. 
Water balance is the relationship between precipitation and 
water need, or, potential evapotranspiration. The latter constitutes 
the moisture lost to the atmosphere from a vegetation covered soil if 
it were constantly available in optimum quantity. It provides an 
index of thermal efficiency and is also an expression of day length and 
temperature. Given in the same units as precipitation it relates 
thermal efficiency to precipitation effectiveness. 
Thornthwaite (1948) used water availability, ~xpressed as a 
Moisture Index (1m), as an important criterion in classifying climate. 
Values of water surplus and deficiency are obtained from a simple 
bookkeeping procedure where precipitation and potential evapotranspir-
ation provide the income and outgo respectively. Auailable soil moisture 
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provides a reserve that may be drawn on as long as it lasts. A mean 
reserve value equivalent to 100 mm rainfall was used by Thornthwaite 
to calculate the water balance. The results of the soil moisture 
studies previously discussed indicate, however, that this gross 
simplication may have serious limitations. 
The moisture index for any locality is derived from the relation-
ship between water need (n) and precipitation. It represents the 
balance between monthly water surplus (s) and deficiency (d) taken 
over the year and is calculated' from the relation: 1m = 100s - 60d n 
where moist and dry climates have positive and negative values 
respectively . 
This basis was used for defining each climatic sub-region (Map 
4). Calculated moisture indices and water need values for a number 
of stations are presented in Appendix 13. The annual water balance 
for moist, dry and intermediate climates is also illustrated in Appendix 
llc. A close relationship between water balance and soil characteristics 
was indicated in def ining the degrees of leaching in Chapter 1. 
It is of interest to note that the annual evapotranspiration at 
Cedara, as measured by the Class A pan, is approximately 1580 mm (62.2 
inches). No other reliable data are available for the Area although a 
number of farmers have recently installed the necessary equipment. 
(vi) The period of active growth 
In assessing the potential of the Area for agricultural production 
the 'period of active growth', or that period during which conditions of 
moisture and temperature favour maximum plant growth, has been considered. 
The length of this period is important in planning crop programmes to 
yield maximum returns, since, the shorter the period the more severe the 
l imitation. According to Wilsie (1962), extremely short periods 
constitute the greatest deterrent to the future extension of agriculture 
into the colder ~egions of the world. The length of the period is 
usually determined by first and last frost dates but limits can be set 
by defining specific temperature or moisture values. 
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Maximum and minimum temperatures beyond which growth does not 
occur, are generally accepted as 40 0 C and DoC respectively. Landsberg 
(1958) considered 50 C as the threshold for growth with temperatures 
above 300 C being inhibitory rather than growth promoting. According 
to Tho~nthwaite (1948) the temperature at which growth is most rapid 
o is always near 30 C. The optimum temperature for most crops generally 





(Wilsie, 1962). Available data indicate that only Estcourt, Weenen 
(situated outside the Area) and Howick experience mean daily maximum 
temperatures exceeding 25 0 C during the period November to March. It 
i s suggested, therefore, that the temperature conditions over much of 
the Area, especially at the higher altitudes, are not suitable for 
optimum growth of crops such as maize. 
Temperature conditions influence many aspects of crop production 
including seed germination. For instance, the number of days required 
o 0 
for the germination of maize seed at temperatures of 12.2 C, 15.5 C 
o and 18.8 C were found to be 11.25, 3.55 and 3.0 days respectively 
(Wilsie, 1962). These values illustrate the importance of temperature 
in determining growth rate. 
The available climatic data were studied with a view to 
determining the active growth period for the main climatic sub-regions. 
Ignoring extreme frost dates, the optimum period for active growth in 
most of the Area is between the beginning of October and the end of 
April. Excluding the colder areas (represented by Nottingham Road), 
the length of the period is similar for most ~arts although the limiting 
factors may differ. In the drier parts, where temperature conditions 
are favourable, the length is usually limited by moisture deficiency. 
Here the period is fractionally shorter than for most other areas. In 
the high-lying areas temperature curtails the growth period. At 
Nottingham Road, for instance, the period is from four to six weeks 
shorter than in most other parts. Here, incidence of frost is a major 
factor limiting the growth period. The duration of the frost period, 
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as determined by average first and last dates, is 135 days. This is 
considerably longer than that for Howick which has an average of 80 days 
of frost. The average duration in the warmer areas is approximately 
60 days. 
Average first frost dates are noticeably constant but the last 
frost dates show considerable variability and, in the cool regions, may 
range from mid-August to the end of October. The frost-free period is 
reduced at all stations if extreme frost dates are considered. Such 
extremes are important when planning crop rotations including crops 
susceptible to frost (e.g. potatoes). 
Conditions relating to annual rainfall and temperature and the 
period between first and last frost dates for a number of selected 
stations are presented in Appendix lId. The extent to which these 
criteria may limit the period of active growth is well illustrated. 
2) Climatic sub-regions 
Phillips (1959) defined a bioclimatic sub-region as a natural 
area created and maintained by the interplay of climatic factors and 
biotic phenomena, so integrated as to permit the development of natural 
vegetation to a stage where this is in dynamic equilibrium with the 
climate. With this in mind and after considering all relevant data 
eight climatic sub-regions within the Area were defined. These include 
several that are somewhat transitional but have been demarcated to aid 
detailed farm planning. The sub-regions are closely related to 
physiography and vegetation type. 
Special terms and criteria have been used in defining the 
climatic sub-regions and are summarized in Table 38. 
Table 38 Terms and criteria for defining climatic sub-ragions 
in the Howick Extension Area 
Descriptive terms C r i t e r i a 
(a) Assessment of moisture conditions 
Mean annual Moisture index 
rainfall (mm) 
Humid > 900 > 20 
Moist sub-humid 800 - 900 5 to 20 
Slightly dry sub-humid 750 - 800 -5 to 5 
Dry sub-humid 700 - 750 -10 to -5 







(b) Assessment of temperature conditions I 
I 
Heat units ! 
Mean annual (deqree/days) 
Temperature (oC) 
Yearly Oct-March 
Cool < 15 < 3500 < 2500 
Mild 15 - 18 > 3500 > 2500 
Warm > 18 > 4500 > 3500 
The location of the eight defined climatic sub-regions is shown 
on Map 4. A brief description of each follows. 
Climate sub-region 1: This is the largest and coolest sub-region 
occupying the north, west and south-western sectors in the Area. It 
is represented by Nottingham Road although this is one of the driest 
stations within the sub-region. 
(4,800 ft) and 1890m (6,200 ft). 
The altitude varies between 1463m 
The climate is humid and cool. The 
mean annual rainfall varies from 850 mm to more than 1,500 mm, and the 
moisture index exceeds 20, indicating a large water surplus. The low 
water need is the result of the generally cool conditions. Low 
cloud and mists are common and afternoon thunderstorms may occur 
frequently in mid-summer. The mean annual temperature and yearly 
heat sum are below 15
0
C and 3,500 degree days respectively and mean 
o daily maximum temperatures rarely exceed 25 C. The mean daily minimum 
temperatures between April and November are less than 10oC. Frosts 
occur regularly during the winter months and are particularly severe 
during June and July. Snow occurs annually in the high-lying areas. 
The period of active growth is short. Further subdivision could be 
made to separate the very humid parts experiencing more than 1,300 mm 
of rainfall from the remainder. These lie above an altitude of 1677m 
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(5,500 ft) and experience sub-alpine conditions. 
Climatic sub-region 2: Physiography plays an important role in 
determining the climatic conditions experienced in this sub-region 
which lies to the south-east of sub-region 1. The a~titude is between 
1067m (3,500 ft) to 1524m (5,000 ft). The general south-easterly 
aspect, lower altitude and broken topography distinguish this sub-region 
from sub-region 1. Lidgetton is the representative station. The 
climate is mostly humid and mild with a mean annual rainfall of between 
900 mm and 1,500 mm. The moisture index exceeds 20. Although 
precipitation may fall below water need at the end of the season there 
is never a deficiency. Soil moisture is soon recharged in spring. There 
is also an abundance of low cloud and mist, and temperature conditions 
lie between 150 C and 180 C. The broken topography favours cold air 
drainage so that most of the upland areas experience only light frosts 
during June, July and August. Further subdivision within this 
sub-region could also be made to separate the eastern sector of the 
Karkloof range which experiences a mean annual rainfall exceeding 1,300 
mm from the remainder. 
Climatic sub-region 3: This sub-region forms a narrow, northern 
extension to sub-region 1. The climate is moist sub-humid and cool. A 
mean annual rainfall of between 800 mm and 900 mm, but mostly below 850 
mm, is experienced. The moisture index lies between 5 and 20. Although 
the mean annual temperature is less than 150 C, the temperature conditions 
are fractionally milder than those in sub-region 1. 
between 1372 (4,500 ft) and 1463m (4,800 ft). 
The altitude varies 
Climatbc sub-region 4: This sub-region is transitional to sub-region 
2. It occurs at an altitude of between 1067m (3,500 ft) and 1220m 
(4,000 ft), and includes the Cedara, Tweedie and Howick areas and 
extends for several miles up the valleys of the Umgeni and Lions rivers. 
It surrounds the dry Merrivale valley. Howick and Cedara are 
representative weather stations for this sub-region. The climate is 
moist sub-humid and mild. The mean annual rainfall varies between 800 
mm and 900 mm but is mostly above 850 mm. The moisture index lies 
between 5 and 20 but is mostly between 10 and 15. The temperature 
conditions are similar to those of sub-region 2 but may be fractionally 
warmer. At Howick, the mean daily maximum temperature for the period 
November to March exceeds 250 C. 
Climatic sub-region 5: This sub-region occurs to the north of the 
Mt. West range and although it is in close proximity to sub-regions 1 
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and 3 it is decidedly drier. It extends from Mooi River to Jouberts-
vlei and lies between 1220m (4,000 ft) and 1372m (4,500 ft) above sea 
level . Weston is the representative station. The climate is 
slightly dry to dry sub-humid and mostly cool. The mean annual 
rainfall varies between 700 mm and 800 mm but is mostly less than 750 
mm. The moisture index varies between 5 and -5 but is frequently 
negative. Water need exceeds rainfall for most of the year and mists 
are uncommon. With the lack of accurate temperature data the mean 
annual temperature is estimated to be approximately l5
0
C. 
Climatic sub-region 6: This sub-region is confined to the well-
defined lower basin of the Merrivale valley and is surrounded by sub-
region 4. The rain-shadow effect of the Swartkop range strongly 
influences the prevailing climate. The altitude varies from 975m 
(3,200 ft) to 1068m (3,500 ft). The climate is slightly dry sub-humid 
and mild. The mean annual rainfall is between 750 mm and 800 mm and 
the moisture index, which lies between 5 and -5, is mostly positive. 
The sub-region is situated below the mist · line. The mean annual 
temperature and yearly heat units exceed l50 C and 3,500 degree days 
respectively. Frosts occur between May and September and, as a result 
of cold air drainage, may be severe on the bottomlands. 
Climatic sub-region 7: The northern part of the Area lies within the 
rain-shadow of the Mt.West-Proudfoot range and has a northerly aspect. 
The altitude falls rapidly from l372m (4,500 ft) to 1220m (4,000 ft). 
Within this sector lies sub-region 7 which experiences a dry sub-humid 
and mild to warm climate. Estcourt, although outside the sub-region, 
is regarded as the representative station. The mean annual rainfall is 
between 700 mm and 750 mm and the water balance indicates a definite 
period of deficiency between July and November. There is no water 
surplus. The meagre recharge of soil moisture during summer is rapdily 
exhausted during the dry season. The moisture index is between -5 and 
-10. The mean annual temperature lies between 160 C and 180 C and 
o absolute maximum temperatures between October and March exceed 25 C. 
The absolute minimum temperatures between May and September are generally 
less than 10oe. Frosts occur during this period and are most severe in 
June and July. 
Climatic sub-region 8: This sub-region lies north-east of sub-region 
7 and drops rapidly from 1280m (4,200 ft) to 1067m (3,500 ft). The 
climate is very dry sub-humid and very warm. It is characterized by 
high maximum summer temperatures and, because of strong, nocturnal 
temperature inversions, low minimum night temperatures in winter. The 
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mean annual temperature and yearly heat sum exceed 18 C and 4,500 degree 
days r espectively . For the period December to February the absolute 
maximum temperature exceeds 300 C and is over 25
0
C for as many as eight 
months of the year . Weenen, though outside the Area and somewhat 
atypical, has been taken as the representative station. The mean 
annual rainfall is less than 700 mm resulting in a strongly negative 
moisture index of below -10 . Annual rainfall is seldom able to meet 
the water need and causes a deficiency throughout the year. For this 
reason, vegetation and dryland crops are dependent almost entirely on 
current rainfall. 
4.2 Vegetation 
Since vegetation is a product of the conditions under which is 
has developed it is a measure of the environment. It has been claimed 
that, if correctly interpreted, the growth of natural vegetation will 
indicate the biological potential of that environment (Weaver & Clements, 
1938; Albrecht, 1940; Pentz, 1949; Edwards, 1963). Because of this, 
the vegetation of the Area was carefully studied. In defining and 
mapping the vegetation types, a number of relevant works were consulted 
(Rycroft, 1942; Pentz, 1945; Acocks, 1953; Edwards, 1963; Moll, 1965). 
In this discussion the fire factor warrants special mention since 
it has influenced the development and structure of most of the 
vegetation over long periods of time. Veld fires, from the pre-Bantu 
period to the present day, have occurred mainly between autumn and early 
spring and little, if any, vegetation has escaped the ravages of annual 
burning. Soil moisture and temperature conditions also influence the 
development of local communities. Mismanagement, too, has caused many 
changes. The secondary nature of much of the vegetation, the 
encroachment of undesirable species and the shrinking forests bear 
witness to these changes. 
1) Vegetation types 
The diversified nature of the vegetation is reflected in the 
thirteen different types that were defined. These fall within four 
major groups: grasslands and savanna (76 percent of the Area); 
ecotonal grasslands (16 percent); valley vegetation (5 percent) and 
forests (3 percent). Small bottomland communities occur throughout 
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the Area and are discussed separately. Each vegetation type, falling 
within the broader grouping, is briefly described and their location 
is indicated in Map 5. Boundaries between types rarely occur as 
abruptly as those indicated on the map; rather they occur as transitional 
zones gradually passing from one type to the next. 
(i) Grasslands and savanna 
Several well defined types fall within this group. 
(a) Sub-alpine grassland: This vegetation is not extensive and 
is usually confined to areas above an altitude of 1829m (6,000 ft) . 
The mean annual rainfall exceeds ~,500 mm and conditions are generally 
temperate. Edwards (1963) noted an outlier occurring in the vicinity 
of Mt. Gilboa in the Karkloof range. Fire is believed to be responsible 
for maintaining this grassland which, except for a short period in 
summer, provides low quality grazing. 
The index species for this type include Themeda triandra, Festuca 
costata, Koelaria cristata, Stiburus alopecuroides and Andropogon 
filifolius. Pentaschistis tysonii may also occur on the steep, moist 
slopes. 
(b) Highland Sourveld: This is the most extensive grassland in 
the Area and occurs between 1463m (4,800 ft) and 1829m (6,000 ft) above 
sea level. Jt experiences a mean annual rainfall of 850 mm to 1,500 
o mm and a mean annual temperature of below 15 C. 
regular. 
Severe frosts are 
Two sub-types occur within the Highland Sourveld: 
(1) Protea savanna: Small isolated patches of Pro tea savanna, 
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believed to be remnants of a once extensive community, occur above an 
altitude of 1677m (5,500 ft) along the western mountain range (Plate 
11). This savanna is usually confined to the steep debris slopes 
beneath the outcrops of cave sandstone or is associated with shallow 
soils. It is not of great agricultural importance. 
The important tree species include Pro tea multibracteata and 
P.roupelliae. The former, usually occurring on deeper soils, is best 
able to withstand damage by fire (Edwards, 1963) . Where soi ls are 
shallow many trees may be windthrown. The grass str atum is typically 
Themeda-Trachypogon grassland with temperate species becoming common 
at the higher elevations. 
(2) Grassland: This sub-type is characterized by relatively short 
bunch grasses and is dominated by the mid-grass stratum species, 
Themeda triandra and Tristachya hispida. In addition to these, the 
index plants include Trachypogon spicatus, Monocymbium ceresiiforme, 
Andropogon filifolius and Alloteropsis semialata. Eragrostis 
racemosa, Michrochloa caffra and Rendlia altera characterize the lower 
stratum. The woody species Buddleia salviifolia and Leucosidia 
sericea constitute index plants in protected areas. Non-grass plants, 
many of them listed by Moll (1965), are particularly common in this 
grassland. The Compositae family, for example, is well represented by 
several Helichrysum species. 
Several faciations, which are the result of local varia t ions in 
climate, altitude, soil and aspect, occur within this grassland. These 
were not mapped separately. A dry faciation occurs in the upper r eaches 
of the Karkloof river valley and on north facing slopes in the vicinity 
of Nottingham Road and Rosetta. Likewise, at an altitude of approxi-
mately 1829m (6,000 ft) there is a zone transitional to the s ub- alpi ne 
grassland which can be considered as a separate faciation . He r e, 
temperate species such as Festuca costata and Danthonia stricta are 
common. 
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Throughout the Highland Sourveld there is evidence of invasion 
of undesirable species . With continuous grazing, species such as 
Eragrostis spp. and Sporobolus spp. tend to increase while some, such 
as Trachypogon spicatus, may become less common . The dominance of 
Elyonurus atgenteus and Festuca costata, together with the shrub 
Athanasi a acerosa (Curry1s Post weed), in certain parts of the Area, 
is attributed mainly to continuous grazing by sheep. A small 
consociation of Festuca costata at Curry's Post suggests that invasion 
of this species throughout the Highland Sourveld is likely if the 
grassland is mismanaged. The grass is easily recognized by its 
tussock character and bright, green colour in winter. The problem 
of invasion also concerns Aristida junciformis which has already spread 
to many parts of the Highland Sourveld. Furthermore, Hyparrhenia 
hirta is among the first to invade the grassland and may soon become 
dominant where the original plant cover is disturbed. 
Mismanagement also tends to favour an increase in :abundance of 
Helichrysum aureo-nitens and, in places, pteridium aguilenum, although 
precise reasons for this are not clear. The well-known weed Rubus 
cuneifolius (Americ~n bramble) is widespread throughout the Area and 
Ulex europeaus (gorse) might prove a serious problem if left unchecked 
(Edwards, 1963). Sarothamnus scoparius (broom) occurs on disturbed 
grassland areas in the vicinity of Nottingham Road. The most important 
poi sonous weed occurring within this grassland, especially at higher 
altitudes, is Moraea spp. (tulip) which may cause heavy stock losses in 
early spring (Plate 12) . 
(c) Midlands Mistbelt grassland: This is the second most 
extensive vegetation type and lies between 1067m (3,500 ft) and 1463m 
(4,800 ft) above sea level. It experiences a mean annual rainfall of 
900 mm and 1,500 mm and mists are very common. Temperature conditions 
are milder than those of the Highland Sourvelo. 
In the absence of fire the grassland develops to a climax 
community · of mixed Podocarpus forest in which Combretum kraussii and 
Plate 11 Protea savanna community within the 
Highland Sourveld (photo: E. J. Moll I. 
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Plate 12. Early spring growth of Moraea spp 
(tulip) occurring wi thin the Highland 
Sourveld (photo: E, J, Moll), 
Plate 13. Cyathea dregei as it occurrs ITl the 




Plate 14 . Thl'meda gr assland (r i ght) and Secondary 
Aristida grassland (I eft) occurring wi thin the 
Midlands Mistbelt. ( Note occurrence of Indi gofera 
spp and Te~hrosia spp in Themeda grassland 
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Xymalos monospora are important. At one time these forests were very 
extensi ve. Cyathea dregei, also listed as an index plant for the 
coast hinterland (Edwards, 1963), occurs frequently along streams or 
where underground subsistence affords adequate protection (Plate 13). 
The Midlands Mistbelt grassland is subdivided on the basis of 
the primary and secondary nature of the vegetation. Plate 14 
illustrates the difference between these two types. 
(1) Mistbelt Themeda grassland: This, once extensive primary 
grassland, is today observed only where adequate protection is afforded . 
Physiognomically and floristically it resembles the Highland Sourveld 
grassland (Edwards, 1963). The upper and lower strata have been 
described by Moll (1965) in considerable detail. Mismanagement has 
led to the widespread replacement of many species by Aristida junci-
formis so that occurrence of this grassland is now rare. A notable 
feature is the abundance of indigenous legume species of which 
Indigofera spp. and Tephrosia spp. are particularly common (Plate 14). 
This grassland was mapped together with the secondary Aristida grassland. 
Secondary Aristida grassland: The invasion of Aristida 
junciformis into the Themeda grassland was first recorded by early 
ecologists. Edwards (1963) regarded the invasion as beiRg of considerable 
economic importance. Many consider selective grazing of the primary 
grasses, trampling by stock and winter or 'early' burning to be the 
prime causes of this invasion. The grassland is characterized by a 
complete dominance of the strongly rooted, densely tufted and unpalatable 
invader Aristida junciformis. Edwards (1963) described several distinct 
phenological phases within this vegetation and associated numerous non-
grass plants, including many prevernal geophytes, with the grasses . 
On moist, southern aspect slopes forest margin and precursor scrub 
communities are particularly common. Buddleia salviifolia, Leucosidea 
sericea and the grass, Miscanthidium capense, typify these communities . 
A faciation, dominated by tall growing grass species such as Hyparrhenia 
~. and Cymbopogon spp., has been found to occur in several of the major 
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valleys. Examples of this are to be found near Balgowan and in the 
Dargle valley. 
Rubus cuneifolius is the most serious weed occurring in this 
grassland and important poisonous weeds include Senecio spp., Urginea 
~., Ornithogolum sPp. and Cestrum laevigatum (Inkberry). 
(d) Tall Grass Veld: The Tall Grass Veld is sandwiched 
between the moist grasslands and the valley vegetation. It experiences 
warm temperatures and a mean annual rainfall of 700 mm to 850 mm. 
A characteristic feature of this grassland is the dominance of 
Themeda triandra, Tristachya hispida and Hyparrhenia hirta resulting in 
marked seasonal aspects. Moll (1965) suggested that H.hirta may not 
always have been important. Themeda triandra and Tristachya hispida 
comprise 66 percent of the living rooted basal cover of the Tall Grass 
Veld (Edwards, 1961) . Other Hyparrhenia species may form local 
communities while Cymbopogon plurinodis becomes more abundant in the 
drier parts . 
Acacia sieberiana is an important index plant although tempera-
ture appears to influence its occurrence. In the drier parts Acacia 
karroo and A.nilotica become more frequent. Edwards (1963) noted that 
the grassland may be reduced, or completely invaded, by A.karroo-
A.nilotica scrub. 
Generally, this three-layered grassland has a lower basal cover 
and less prominent forbs than the grasslands already described. Two 
climatically determined faciations were recognized and mapped. 
(1) Dry Tall Grass Veld: This occurs in the lower reaches of the 
Mooi river valley and experiences a mean annual rainfall of 700 mm to 
750 mm. The altitude varies between 1067m (3,500 ft) and 1372m 
(4,500 ft). 
In this faciation A.sieberiana is scarce which is possibly the 
result of temperatures being lower than those in the typical Tall Grass 
Veld (Pentz, 1949). However, many trees may have been removed by Bantu 
for firewood and other uses. 
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A continuous middle grass layer is recognized and includes 
Themeda triandra, Tri stachya hispida, Eragrostis capensis and 
Heteropogon contortis . The short stratum includes E.racemosa, 
Michrochloa caffra, Cynodon dactylon and Brachiara serrata. E.superba 
and Cymbopogon plurinodis become dominant in dry situations. 
Overgrazing usually results in an increase of species such as 
Eragrostis spp., Sporobolus spp., Aristida spp . , Cynodon dactylon and 
Elyonurus argenteus . The last named increases where there has been 
overgrazing by sheep. E. plana, S.capensis and S.pyramidalis are 
generally indicati ve of past cultivation or soil disturbance. 
In moist, protected areas a woody scrub community, including 
A.sieberiana, Zizyphus mucronata and May tenus cymosus, frequently 
develops. 
(2) Moist Tall Grass Veld: This grassland is situated in the 
driest part of the Merrivale valley where it experiences a mean annual 
rainfall of 750 mm to 800 mm and lies between 975m (3,200 ft) and 
1067m (3,500 ft) above sea level. Moll (1965) classified this 
vegetation as Themeda-Hyparrhenia grassland but in the writer's opinion 
it is most similar to the moist transitional Themeda-Hyparrhenia 
grassland defined by Edwards (1963). 
In many respects it re s embl es the dry lall Grass Veld of the 
Mooi river valley . However, there is a~reater abundance of 
A.sieberiana which is apparently due to the milder climate . The three 
strata of the grass sward have been discussed by Moll (1965). 
Today, ver y little of the natural grassland remains. The 
favourable topographic features and suitability of the Area for 
intensive farming have led to widespread cUltivation. Very little of 
the grassland that does remain is in a primary condition. 
(ii) ' Ecotonal grasslands 
Ecotonal grasslands are recognized where the climax vegetation 
is ill-defined . For example, to the south and east of Mooi River, 
grasslands transitional in nature and lying between the Highland Sourveld 
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and dry Tall Grass Veld are to . be found and are deemed ecotonal. Two 
types were provisionally mapped. 
(a) Cool, dry ecotonal grassland: For the most part this 
grassland is similar to Edwards's moist transitional Themeda-
Hyparrhenia grassland. It occupies the area immediately south and 
to the east of Mooi River and experiences a mean annual rainfall of 
between 700 mm and 800 mm. The mean annual temperature is mostly 
o below 15 C. Cooler conditions are indicated by the short nature of 
the sward, the absence of A.sieberiana and the presence of Leucosidea 
sericea. 
In the moister parts this grassland is likened to a dry ~ 
faciation of the Highland Sourveld. The boundary between the 
ecotonal vegetation and the Highland Sourveld ,is ' shown on Map 5. The 
transition to the Tall Grass Veld is extemely gradual. Grass species 
are similar to those of the Tall Grass Veld although there is a lower 
abundance of H.hirta. 
A common feature of this grassland is the abundance of scattered 
antheaps. The multi-coloured weed, Cosmos bipinnatus, abounds where 
there has been soil disturbance. 
(b) Moist grassland transitional to the Midlands Mistbelt: 
This grassland occupies the ecotone between the Tall Grass Veld of the 
Merrivale valley and the Midlands Mistbelt grassland and experiences a 
mean annual rainfall of 800 mm to 900 mm. Moll (1965) classified this 
area as moist transitional Themeda-Hyparrhenia grassland although in 
the writer's opinion it is not typical of the grassland similarly named 
by Edwards (1963). 
The transitional nature of the grassland is reflected in the 
mixed composition of the sward in which Hyparrhenia hirta, Themeda 
triandra and Aristida ;iunciformis are commonest. Two local facies 
within this grassland were defined by Moll (1965). These include the 
Aloe candelabra savanna and the Cussonia spicatus savanna, neither of 
which is extensive. In the absence of fire, a scrub-forest community 
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develops which is thought to be the climax vegetation. 
(iii) Valley vegetation 
This vegetation occurs in the rugged valleys experiencing a dry 
and warm climate. The mean annual rainfall rarely exceeds 700 mm. 
Communities serving as indicators for this type include t he Acacia 
karroo- A.nilotica thornveld in the drier parts and the A.sieberiana 
tree veld in the moister parts. Much of the vegetation is secondary 
in nature and severe erosion is a common feature. 
have been recognized and are indicated on Map 5. 
Three communities 
(a) Acacia karroo-A.nilotica thornveld: This community is 
confined to the lower reaches of the Mooi river valley and occurs 
below an altitude of 1280m (4,200 ft). It does, however, extend to 
greater heights on the steep north-facing slopes. The boundary 
generally coincides with an abrupt change in topography and is clearly 
defined. The mean annual rainfall is approximately 650 mm. 
The most important index plants include A.karroo, A.nilotica 
and the grasses, Hyparrhenia hirta and Eragrostis superba. The grass 
field layer below the characteristic short tree stratum is similar to 
that of the Tall Grass Veld. Its cmmposition, however, is influenced 
by the tree layer itself, the soil and the applied managemement practices. 
The principle grasses include Themeda triandra, H.hirta, Bothriochloa 
insculpta, Chloris gayana, Cymbopogon plurinodis, Heteropogon contortus 
and Setaria sphacelata. Important grasses of the secondary succession 
include Digitaria pentzii, D.tricholaenoides, Elyonurus argenteus, 
Eragrostis chloromelas and E.curvula. With severe disturbance 
Cynodondactylon, E.plana, Aristida spp. and Sporobolus spp. become 
dominant. Beneath the trees Panicum maximum and Melinis minutiflora 
are common. Edwards (1963) listed many additional shade-tolerant herbs 
and climbers which occur in this vegetation type. 
(b) Semi-deciduous bush: The semi-deciduous bush is not 
extensive and occurs below the main waterfall on the Mooi river. The 
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important tree and shrub species include Acacia tortilis, A.nilotica, 
Schotia brachypetala, Olea africanna, Boscia albitrunca and Euclea spp. 
(c) Mixed bush of the Umgeni gorge: Included in the valley 
vegetation is a small area occurring as a narrow strip along the Umgeni 
river and extending eastwards from below the Howick falls. Here, the 
climatic conditions are moister and milder than in the case of the 
Acacia karroo-A . nilotica thornveld. 
Aspect has a marked effect on the ecology of this area. The 
steep north-facing slopes are heavily wooded with A.karroo and A.nilotica 
being particularly common. Aloe sPP. may become locally dominant. An 
open savanna occupies the moister south-facing slopes in which Acacia 
sieberiana, together with Hyparrhenia hirta and Aristida ,junciformis, 
is abundant. In protected kloofs the bush is very mixed and contains 
elements that suggest a close relationship between this vegetation type 
and the semi-coast forest described by Edwards (1963). Cestrum 
laevigatum (Inkberry) is an important poisonous plant occurring in this 
vegetation type. 
(iv) Forests 
Evergreen Podocarpus forests are climax communities for both the 
Highland Sourveld and Midlands Mistbelt. Mere relics of what were 
once extensive forest s are seen today (Plate 15). Much has already been 
written of these forests including their history, structure, composition, 
exploitation and need for protection (Fourcade, 1889; Rycroft, 1942; 
Taylor, 1961; Edwards, 1963; Scotney, 1964; Moll, 1965). It has been 
suggested that the forests were subjected to severe exploitation and, at 
times, faced total destruction. Chief threat to their existence is 
fire although over-exploitation by both European and Bantu and grazing 
by liv~stock are also important (Plate 16). The remnants seen today 
are confined to the steep, moist slopes and deep kloofs which afford 
protection from fire and the hot 'berg' winds. The total extent of the 
forests which are shown on the soil map is 26.3 square miles. 
Two distinct forest types have been recognized and, since they are 
Plate 15 . Relics of onc e ext en si ve f or es t s i n the 
Howlck Ex ten si on Ar ea (ph oto : E. J. Molll. 
Plate 16 Forest m arg in severe l y damaged by f ir e 
(photo : E.J. Mo ll l. 
PI a te 17 The most extensive Podocarpus 
occurs along the Karklo o f range 





not of much agricultural importance , are described very briefly. 
(a) Mistbelt mixed Podocarpus forests: These forests occur 
between an altitude of 1067m (3,500 ft) and 1372m (4,500 ft) and 
experience frequent mists and a mean annual rainfall exceeding 1,000 
mm. The most extensive of these occurs along the Karkloof range 
(Plate 17) . The structure and composition of these forests and their 
associated seral communi ties have been described in detail by Rycroft 
(1942), Taylor (1961), Edwards (1963) and Moll (1965). The last 
named also presented a diagrammatic illustration of the forest layers. 
Edwards (1963) regarded Combretium kraussii and Xymalos monospora as 
important index plants . 
(b) Mountain Podocarpus forests: These forests differ from 
the former in that the trees are generally shorter and the forest 
itself is structurally simpler and floristically poorer. They are 
not as extensive as the mixed Podocarpus forests and occur above an 
altitude of 1372m (4,500 ft). Mean annual temperatures are low. The 
main index plants include Podocarpus latifolius, Rapanea melanophloeos, 
Olinia emarginata and Halleria lucida (Edwards, 1963). 
(v) Bottomland communities 
Bottomlands include level, poorly drained and often submerged 
'vleis' and the narrow alluvial strips. In addition to hydromorphic 
soil conditions they are subject to frosts of greater severity than the 
surrounding uplands. Although several workers have described the 
communities associated with these bottomlands, no attempt has yet been 
made to differentiate between the several types of bottomlands on the 
basis of soils . 
follows: 
For this discussion the bottomlands are separated as 
(a) Acid. hydromorphic bottomland communities: Downing (1966) 
presented a detailed account of the ecology of a typical acid vlei and 
Moll (1965) has described the vleis of the upper Umgeni catchment. 
The most s triking features of these communities is the distinct 
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zonation determined by soil moisture conditions. With decreasing 
moisture the following communities are recognized: 
(1) Aquatic communities where . free water occurs at all times. 
(2) Reedswamp communities in which Phragmites communis and Typha 
capensis are dominant. 
(3) Sedge meadow communities subject to periodic flooding in summer. 
These are probably the most extensive and are~haracterized by 
perennial sedges such as Cyperus spp., Scleria spp. and Pycreus spp., 
and grasses such as Fingerhuthia sesleriaeformis, Hemarrthria altissima 
and Pennisetum spp. Agapanthus natalensis, Saty~ium spp. and 
Gladiolus papilio are flowering species frequently seen. A conspicious 
hummock formation, caused by ant activity and trampling by~ivestock, 
is a characteristic feature of this community (see plate 23). 
(4) Hygrophilous grassland c mmunities form the outermost zone but 
may be absent where the topography is steep. The water table 
fluctuates considerably. Downing (1966) recorded fluctuations from 
o to 63.5 cm (25 inches) in summer to 152 to 178 cm (60 to 75 inches) 
in winter. Commonest grasses inciude Tristachya hispida, Poa binata, 
Koelaria cristata, Festuca caprina, Monocymbium ceresiiforme, Eragrostis 
capensis, Themeda triandra and Harpechloa falx. Forbs such as 
Helichrysum spp. and Hypoxis spp. and geophytes may be abundant. 
Agrostis tenuis occurs on bottomlands near Nottingham Road and at higher 
elevations. 
(b) Neutral to alkaline bottomland communities: These occur 
within the Tall Grass Veld and associated ecotonal grasslands. Many of 
the bottomlands have been cultivated and, in most cases, erosion of the 
main drainage channel has lowered the water table. By comparison with 
the acid 'vleis', the aquatic and reedswamp communities are very much 
smaller or may be absent. The sedge meadow and hygrophilous grassland 
communities are extensive but these, too, may be replaced where soil 
moisture conditions become too dry. Under these conditions concocies 
and associes of Pycreus macranthus, Fimbristylis complanata and Fuirena 
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eubescens may develop (Edwards, 1963). 
In addition to many of the species found in the acid 'vleis', 
the sedge meadow community includes grasses such as 8eckeropsis 
uniseta, Miscanthidium erectum and Setaria sphacelata. Verbena 
bonariensis, Polygonum pulchrum and Kniphofia buchanii may also occur. 
The hygrophilous grassland communities include such species as 
8ulbostylis spp., Hemarthria altissima, Imperata cylindrica, Agrostis 
~., Eragrostis spp., Andropogon sPP. r and Cynodon dactylon. Introduced 
Paspalum spp. are common especially in the Merrivale valley. In the 
drier parts Imperata cylindrica and Andropogon eucomis become more 
frequent on the margalitic soils. Matricaria nigellaefolia is an 
important poisonous weed in this community and wild clover (Trifolium 
africanum) is fairly abundant. 
(c) Stream hydrosere and riverine communities: Sedge meadow 
and hygrophilous grassland communities, similar to those already 
described, frequently occur on the alluvial deposits. However, in 
rocky and rugged terrain these communities give way to a narrow strip 
of woody vegetation, the composition of which depends upon the locality. 
Examples of this include Leucosidea sericea and associated plants in 
the Highland Sourveld; Combretum erythrophyllum and associated plants 
in the Tall Grass Veld and Acacia karroo, Spirostachys africana and 
Ficus spp. in the valley vegetation. 
the Area. 
Salix woodii is common throughout 
Tulip (Moraea spp.) is a common weed on the alluvial deposits, 
particularly along the Mooi and Karkloof rivers. 
2) Extent and distribution of the vegetation types 
The extent and distribution of the vegetation types in relation 
to the Area as a whole are summarized in Table 39. The extent of the 
bottomland communities is not indicated. 
Table 39 Extent and distribution of vegetation types in the 
Howick Extension Area 
Extent and distribution 
Vegetation type I 
I (sq. miles) % of area 
I 
I 
Grasslands and savanna I 
1. Sub~alpine grassland 0.4 
, 2. Highland Sourveld 
(a) Pro tea savanna 5.6 
(b) Grassland 264.4 
3. Midlands Mistbelt grassland 231. 7 
4. Tall Grass Veld 
(a) Dry Tall Grass Veld 30.3 
(b) Moist Tall Grass Veld 27.4 
Total 559.8 75.8 
Ecotonal grasslands 
1. Cool, dry ecotonal grassland 60.6 
2. Moi st grassland transitional 
to the Midlands Mistbelt 59.7 
Total 120.3 16.3 
Valley vegetation 
1. Acacia karroo-A.nilotica 
thornveld 22.4 
2. Semi-deciduous bush 0.4 
3. Mixed bush of the Umgeni 
gorge 9.8 
Total 32.6 4.5 
Forests 
1. Mi stbelt mixed Podocarpus 
forests 20.0 
2. Mountain Podocarpus forests 6.3 
Total 26.3 3.4 
4.3 Physiographic features 














The predominant physiograpTIc features of the Area are illustrated 
by means of the simplified block diagram with river profiles presented 
in Fig.7 . Generally, the land falls rapidly in stepwise descent from 
a maximum altitude of 2134m (7,000 ft) in the west to 762m (2,500 ft) at 
the confluence of the Umgeni and Karkloof rivers. A prominent 'main 
divide' which forms the watershed between the catchments of the Mooi and 
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Fig 7 (a) Physiographic block diagram of the Howick Extension Area. 
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Umgeni rivers is created by the Spioenkop (2146m - 7,040 ft) ~ Lionskop 
(1620m ~ 5,315 ft) - Johnstoneskop (1670m ~ 5,479 ft) - Mt. West 
(1750m ~ 5,739 ft) - Proudfoot (1671m ~ 5,482 ft) range. A massive 
off~shoot of dolerite extending south to Swartkop (1424m - 4,672 ft) 
forms a natural barrier in the west (Plate 18). The outstanding 
landmark in this range is the Inhluzane Peak (1978m - 6,488 ft) (Plate 
19). 
A south-east extension of the 'main divide' reaching to Mt. 
Gilboa (1769m - 5,803 ft) forms the eastern boundary and well-known 
Karkloof range. North of the 'main divide' the land falls consistently 
and fairly rapidly to the Mooi river which forms the northern boundary. 
The percentage of the Area falling between certain altitude 
limits is presented in Table 40. From this it can be seen that 
approximately 75 percent of the Area is over 1220m (4,000 ft) above sea 
leveL 
Table 40 Altitude ranges in the Howick Extension Area 
Al ti tude range Percentage of 
(meters) , Are'a (%) 
less than 915 (3,000 ft) 1 
915 (3,000 ft) - 1220 (4,000 ft) 24 
1220 (4,000 ft) - 1524 (5,000 ft) 47 
1524 (5,000 ft) - 1825 (6,000 ft) 25 
over 1825 (6,000 ft) 
In general, the topography is hilly and steep. Notable 
exceptions occur to the south-west and north-east of Nottingham Road, 
in the lower reaches of the Karkloof valley, in the Merrivale valley 
and above the major scarps. In these parts the topography is gently 
sloping to undulating and here the bottomlands are most extensive . 
Four main river catchments drain the Area namely: Umgeni river 
(264 square miles), Lions river (134 square miles, Karkloof river 
(135 square miles) and Mooi river (southern sector only - 205 square 
miles) • The Mooi river, which forms an important tributary of the 
Tugela river, drains the area north of the 'main divide'. South of the 
'main divide' the rivers and their numerous tributaries tend to flow in 
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a south-easterly di recti on. This area forms the upper reaches of the 
important Umgeni r iver catchment. Each of the major rivers boasts at 
least one spectacular waterfall. 
The physiography of the Area has a marked influence on other 
natural features, especially climate and soils, and land-use practice. 
There is a general increase in precipitation and decrease in temperature 
with rising alti tude, and note has already been made of the rain-shadow 
effect of the prominent ridges. The broken topography is also one of 
the main features limiting the agricultural potential of the Area, 
especially in preventing intensive arable use. Steep topography limits 
the use of farm machinery and is closely related to erosion hazard. 
2) Geological formations 
The geology of the Area is relatively simple. Details of the 
formations and their chronological sequence have been described in detail 
by King (1951) and du Toit (1954) . With the exception of the Dwyka 
series all groups of the Karroo system are represented. 
order these include: 
In ascending 
Ecca series: The Ecca shales and sandstones, excluding the lower 
beds, occupy approximately 55 percent of the Area. Their distribution 
is confined to areas below an altitude of 1372m (4,500 ft). The lowest 
strata, which occur at Hilton Road and in the lower reaches of the Mooi 
river valley, comprise the light coloured,fine to coarse grained sand-
stones of the middle Ecca beds . 
-Beaufort series: The tri ple Beaufort series follows conformably 
on the Ecca series and l i es between 1372m (4,500 ft) and 1829m (6,000 ft) 
above sea level . It covers approximately 43 percent of the Area. The 
lower group comprises yellowish t fine to medium grained felspathic 
sandstones while bright red, maroon and purple mudstones are characteristic 
of the middle and upper divisions . 
Stormberg sediments: These occupy only two percent of the Area 
and are confined to the highest peaks which form part of the great spurs 
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extending from the little Drakensberg. Outliers of these sediments 
cap Spioenkop and occur on the farm 'Allandale'. 
coloured, coarse grained felspathic sandstone. 
These consist of pale 
Karroo dolerite: A striking feature of the Area is the 
abundance of dolerite which is intrusive into both the Ecca and Beaufort 
series. It occurs as horizontal or inclined sills, often many feet 
thick, or as narrow vertical dykes. The latter may run in sinuous or 
str~ight lines for considerable distances and are particularly common to 
the west of Nottingham Road. The natural resistance of dolerite to 
landscape development is evidenced by numerous elevated hills and ridges 
and many waterfalls (e.g. Hawick falls). Dolerite dykes often form the 
all~important 'key' areas that give rise to the hydromorphic bottomlands 
or 'vleis'. 
Although kaolinite of low quality is mined at several places in 
the Area there are no formations of economic consequence. 
3) Geomorphology 
Study of the geomorphology of an area provides an understanding 
of the formation and distribution of soils and may elucidate many 
problems of a pedological nature (Maud, 1965; Sparrow, 1965). The 
standard cycle of river incision, scarp retreat and pediplanation and 
its influence on soil formation is clearly reflected in the landform and 
soil resources of the Area. 
Past tectonic upheavals and the subsequent erosion cycles reduced 
the ancient land surfaces to their present day form. Remnants of the 
early tertiary 'African surface' are today represented by the table-
topped ridges and hills of the main divide (e.g. Mt. West, Johnstoneskop 
and Mt. Gilboa). The 'post African surface' is represented by the 
plains that surround Nottingham Road. 
Two major erosion scarps running parallel to the coast and moving 
in a westerly direction were generated by late Pliocene and early 
Quaternary upheavals. The first of these, at approximately l220m 
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(4,000 ft) above sea level, has traversed to just beyond Balgowan. 
The other lies immediately to the south of the Area at Hilton Road. 
The inland l i mits to erosion of the Guaternary cycle which was 
rejuvenated by uplift and tilting, are marked by several of the well-
known waterfalls in the Area. 
The relative hardness of the constituent rock formations have 
largely determined the landform . In addition to this, the gentle 
westerly dip of the Karroo system has given rise to the typical 
'cuesta-type' topography observed in the higher regions. Here the 
frequent occurrence of steep southern-aspect slopes , although below 
6,000 feet above sea level, is probably due to Pleistocene periglacial 
erosion (Sparrow, 1964). 
Terracetes and slip-scars are frequently observed at the higher 
elevations. These are the signs of a natural erosion phenomenon aided 
by features such as frost action, wind and livestock movement. Their 
occurrence has drawn the attention of several workers (du Toit, 1954; 
de Villiers, 1962; MacVicar, 1962; Moll, 1965) . 
4.4 . Other characteristics and features affecting land use 
There are several other characteristics and features of the Area 
that not only affect present land-use practice, but deserve recognition 
in land-use planning. 
1) Water resources 
The Area must rate as one of the best watered farming areas in 
the Republic . A copious water supply is provided by numerous strong-
flowing perennial streams which feed the four main rivers. The 
abundance of water was stressed by McCrystal (1963), who calculated 
that the Lions River magisterial district alone contributed almost 40 
percent of the total number of perennial streams of eight adjoining 
districts. Considerable information is also available concerning the 
river flow and sustained draught of the Umgeni river (Natal Town and 
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Regional Planning Commission ~ 1961; Tharrington-Smith, 1960; Kokot, 
1963) . Official gauging weirs sited in the Area provide information 
on the water resources of the other main rivers. 
Available datal show that the mean monthly flow of all the rivers 
increases and decreases markedly during November and March respectively. 
The difference between summer and winter flow is greatest for the Mooi 
and Karkloof rivers. The latter also has the highest annual run-off 
(407 mm) of all the main river catchments. Relevant information is 
summarized in Appendix 14. 
Large volumes of water are impounded in the numerous farm dams 
scattered throughout the Area. In the Lions River magisterial district 
alon~ there are well over 400 dams (S.A. Bureau of Statistics, 1964). 
The largest project, however, is the Midmar dam near Hawick with a 
capacity of 143,636 acre feet . 
The resources of the Umgeni river system are vital to industrial 
development and the expected urban expansion in the Durban -
Pietermaritzburg complex. The expected increase in population for 
the entire catchment area is from 1.7 million in 1980 to 2.9 million by 
the turn of the century (Natal Town and Regional Planning Commission, 
1961). Recentl~ the latter estimate has been placed at 3.1 million 
with a total water requirement in 2000 AD of 360 million gallons per day 
(Kinmont, 1970) . 
The water resources of the Mooi river were regarded as more than 
adequate for future industrial development and irrigation (Thorrington-
Smith, 1960). The total estimated requirements were only one third of 
the calculated sustained draught of the river. Recent study, however, 
has shown that the water resources of the Mooi river could be used 
elsewhere in the Tugela Basin or diverted via the Karkloof river into 
the Umgeni system (Matthews, 1969; Pegram, 1970). 
1 
In comparison with industrial and urban demand the water 
Hydrological Research Division, Dept. Water Affairs - personal 
communication 
169 
requirements for irrigation are considered by many to be negligible. 
Although there are no major irrigation projects in the Area, the writer 
records the phenomenal increase in the number of farm-scale projects 
and general interest afforded to this type of production in recent years. 
Analyses of water collected from each of the major rivers indicate that 
the quality of water is, in all cases , suitable for irrigation. 
Although there are no major projects planned for generating hydro-
electric power it can be noted that the S.A. Rubber Co. (pty) Ltd., at 
Howick produces power for its own needs. 
Two additional aspects related to water resources are worthy of 
mention. Firstly, the management and use of the 'vleis' within the 
Highland Sourveld have led to much controversy over the~ast twenty years. 
Although little scientific evidence is to hand on which to base 
recommendations, it is imperative that a suitable policy for ensuring 
their safe~use be formulated without delay. 
further in Chapter 6. 
This aspect is discussed 
Secondly, there is the effect of tree planting on water supplies. 
Since afforestation is one of the main forms of land use in the Area 
its demands on the water resources is undoubtedly high. Although 
Nanni (1970) has established beyond doubt that tree planting has an 
adverse affect on stream flow, no critical study has yet been conducted 
in the Area. The serious light in which this problem is viewed has led 
to the recent proclamation of the Karkloof river catchment as 3 Water 
Catchment Control Area . 
2) Soil erosion 
Reference has already been made to the lack of data relating to 
run-off and soil loss. In assessing the state of soil erosion in the 
Area, therefore, the writer has relied almost entirely on visual 
observation and the reports by Henkel et al e (1938), Scott (1951), 
Midgeley (1952), Sherry (1954, 1964), Hiemstra (1965) and Hiemstra and 
Edwards (1965) . 
The fundamental causes of erosion listed by Pentz (1949) are as 
170 
valid today as they were more than two decades ago. One of these, 
"the mental attitude of the individual towards the land" deserves 
special mention o It is unfortunately true that, despite considerable 
effort on the part of the local soil conservation committees and the 
extension service, there is a general attitude of complacency among 
the farming communityo These remarks, however, should not detract 
from the splendid achievements of those who have heeded the many timely 
warnings. The relatively stable soils and dense natural sward over 
most of the Area have no doubt contributed much to the complacent 
attitude. 
In the lower reaches of the Mooi river valley there is an 
abundance of severe donga erosion . The seriousness of the erosion, 
especially in the bottomlands, has been adequately stressed in Chapter 
1. Over the remainder of the Area, endowed with relatively stable 
soils, insidious sheet erosion is common and is more serious than most 
believe. Run-off data presented by Midgeley (1952) indicate the 
potential danger of soil loss from the high rainfall areas. Added to 
this is the danger of wind erosion, particularly on the light textured 
soils of the A2- and B2-associations. The low plant nutrient status of 
the highly leached soils and related poor crop growth contribute 
significantly to the erosion problem on many arable lands. 
1 To assess the situation in the Area, data relating to the silt 
loads of three of the main rivers were studied. A summary of this 
information is presented in Appendix 15. Despite the short duration of 
the records several interesting features are worthy of note. 
The annual soil loss per unit area of catchment is very much 
higher in the case of the Mooi river catchment (79.6 tons/sq.mile) than 
in either the Umgeni (29.9 tons/sq.mile) or Lions river (29.5 tons/sq. 
mile) catchments. This is attributed to the fact that the Mooi river 
rises in the precipitous terrain of the Drakensberg range which 
1 
Hydrological Research Division, Dept. of Water Affairs - personal 
communication 
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experiences very high rainfall of considerable intensity. Furthermore, 
the low basal grass cover of the steep debris slopes associated with 
Stormberg sediments and of the Tall Grass Veld and the high erosion 
hazard of the B2-association soils in the upper reaches of the catchment, 
add to the problem. A relatively high (30%) percentage of the 9atchment 
also comprises moderately to slightly leached soils of high erosion 
hazard and there are many dry and steep north-facing slopes along the 
southern flank of the river. Edwards (1961) showed conclusively that 
soil loss is positively correlated with dry soils. 
The marked increase in the silt content of all the rivers between 
October and December coincides with the period during which most arable 
areas are vulnerable to erosion. It is also the time when much of the 
natural veld, having been burnt early, provides the least protective 
cover. 
3) Markets, industries, communications and labour 
Enterprize location is an important aspect to consider in land-use 
planning. Since land resources are located at varying distances from 
the centres of economic activity, costs are involved in bringing capital 
and labour to the land and products to the markets. Transport costs 
are thus a key factor in determining land-use patterns. Sites near the 
market enjoy an element of comparative advantage over sites located 
further away (Barlowe, 1958). The importance of location factors in 
determining land-use patterns within the Area has been noted by McCrystal 
(1963) and Yates (1966). 
Markets and industries: The Area is favourably situated with respect 
to markets and industrial activity. Pietermaritzburg lies immediately 
to the south and there is direct road and rail link with the port of 
Durban situated some sixty miles away. These cities offer excellent 
opportunity for the marketing of all farm products. Timber is generally 
sold to industries in these centres although much pulpwood and mining 
timber is shipped to Mandini and the Reef respectively. 
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The vast Tugela Basin with its great potential for industrial 
development lies immediately north of the Area and ensures alternative 
markets. Estcourt, situated only seventeen miles from Mooi River, 
already draws most of the pork produced and a limited amount of wattle 
timber. Mooi River itself boasts a creamery, bacon factory and textile 
industry. The rubber manufacturing factory and the small textile and 
plastic concerns at Howick are the only other industries worthy of note. 
Communications: The extent and distribution of communications are 
particularly favourable. The main national highway and the rail link 
between Johannesburg and Durban pass through the Area. A network of 
district and private roads permits easy access to the main highways. 
Furthermore, it has been estimated that over 70 percent of the Area lies 
within a zone extending ten miles on either side of the main national 
highway. Communications are, however, somewhat inadequate for some of 
the mountainous areas within the Highveld Sourveld. 
intensification has been delayed in these parts. 
As a result, 
Labour: Most of the regular and casual labour is resident on farms in 
the Area. In 1961-62, for example, less than 3 percent of the regular 
labour was born outside the Lions River magisterial district (S.A. Bureau 
of Statistics, 1965). At that time, the number of regular and casual 
labourers per holding was 13.4 and 6,8 respectively, and 82 percent of 
the casual labour was female. 
In addition to resident farm labour there are the Montrose Bantu 
location near Merrivale and the Swartkop and Impendhle locations 
adjoining the western boundary. These sources ensure that the labour 
requirements for the Area as a whole are adequate. 
Recent economic studies in the Lions River and Mooi River 
districts show that the average annual wage expense for regular farm 
labour is approximately R3040 and R1865 respectively. The respective 
values for casual labour are R255 and R225. Over the past decade these 
wages have shown a steady increase and, in the Lions River district, have 
been influenced by competition from industry and large farming companies. 
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On most of the larger farms it has been common practice for the regular 
labourers to own approximately 10 percent of the total livestock on the 
farm and to be allotted a section of the arable land. At present this 
practice is being curtailed in lieu of higher wages. 
4) Diseas~~sts and weeds 
Notwithstanding the widesprsad use of modern control measures, 
diseases, pests and weeds demand constant vigil and are of considerable 
economic importance. The most important of these are listed. 
(i) Livestock diseases 
Besides the obvious consequences of direct stock losses, livestock 
disea~es cause untold damage through reduced yield and reproductive 
capacity. In the writer's opinion the indirect losses from the so-called 
erosion diseases (e.g. low calving and lambing percentages) are far more 
important than is generally realized. The most important diseases in 
the Area are given below and have been described by Henning (1949) and 
Manning and Veldman (1956). 
Cattle: Today, diseases such as lung diseases, rinderpest and East 
coast fever which, at one time, caused severe losses are rare. The 
extent to which veterinary practice has controlled diseases in the Lions 
River district can be judged from data in the agricultural census. 
During 1959-60, for instance, total losses of white-owned cattle amounted 
to 2,016 head out of a total of 34,259. Of this number only 1,435, or 
4.2 percent, were caused by disease (S.A. Bureau of Statistics, 1962). 
Redwater and gallsickness constitute the main tickborne diseases 
while quarter-evil ii one of the most serious bacterial diseases. Less 
common diseases include lumpy skin and three-day stiff sickness. State 
control schemes have almost completely eliminated the incidence of 
anthrax and, to a lesser Bxtent, tuberculosis. 
Mastitis and brucellosis are constant problems in dairy cattle. 
Verminosis, including liver flukes, tapeworms and many roundworms, is a 
serious hazard in young animals. High rainfall conditions and intensive 
174 
pasture usage promote infestation by parasites unless rigid control is 
applied. Since a low plane of nutrition is a predisposing condition, 
verminosis takes its heaviest toll during late autumn and winter. 
Paratyphoid and white scours are important calf diseases. 
Although not a disease, the fairly high incidence of bloat on 
established pastures deserves mention. Individual farmers have on 
occasions experienced heavy losses from this cause. 
Sheep: In 1959-60 the total sheep losses in the Lions River district 
amounted to 6.7 percent of the total number and, of this amount, 3.3 
percent were due to disease (S.A. Bureau of Statistics, 1962). Blue 
tongue and pulpy kidney (enterotoxaemia) are the most serious diseases 
although verminosis is a major problem on most sheep farms. 
Horses, pigs and poultry: Horse sickness can take heavy toll during 
late summer but is generally effectively controlled by immunization. 
Intensive pig and poultry husbandry has led to a general decline in the 
incidence of infectious diseases amongst these classes of livestock. 
(ii) Crop diseases and pests 
The most important diseases and pests for selected crop~ grown 
in the Area are listed. 
Maize: Leaf blight (Helminthosporium turcicum) is particularly prevalent 
among local varieties. Other diseases usually regarded as unimportant 
but which warrant more attention include the root, stalk and ear rots 
(Gibberella spp. and Diplodia zeae), tassel and head smut (Sorosporium 
reilianum), boil smut (Ustilago zeae) and streak disease (Virus storey). 
The most pr.evalent insect pests include cutworm (Euxoa spp.) and stalk 
borer (Busseola fusca). 
Potatoes: The most important potato diseases include late blight 
(Phytophthora infestans), early blight (Alternaria solani) and leaf roll 
caused by the potato leaf roll virus. Rhizoctonia (Rhizoctonia solani), 
often associated with humic phase soils, is becoming increasingly 
important and very occasional infestations of common scab (Actinomyces 
scabie~ have been reportedo Eelworm (Meloidogvne sPp.) is a danger 
throughout the Area, especially on old wattle land. Aphids are 
particularly common and are important in transmi tting virus diseases. 
Root crops: Black rot (Xanthomonas campestris), downy mildew 
(Peronospora parasitica) and leaf spot (Cercospora sp.) cause 
considerable damage to crops of radishes and turnips . Aphids may 
completely destroy newly planted crops. 
Cabbages: The most serious diseases affecting the production of 
cabbages and other Brassica crops include black rot (Xanthomonas 
campestris), black leg (Phoma lingam) and downy mildew (Perenospora 
pa r a s i tica ) . The cabbage moth (Crocidalomia bi notalis) , cutworm 
(Euxoa sp .) and aphi ds are the most important pests . 
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Cereals, grasses, clover and lucerne: Rust and smut diseases frequently 
attack crops of oats and ryegrass under warm, moist conditions . Ergot 
(Claviceps spo) is commonly found on the seed heads of Paspalum spp . bu t 
although i t may cause livestock poisoning it is not associated with 
abo r tion (Manning & Veldman, 1956). Leaf spot (Pseudopezi za sp . ) is 
common on lUcerne and sometimes clover. The lucerne cater pillar 
(Colias electo), which often occurs in clover swards, is widespread 
throughout the Area . Occasional outbreaks of army worm (Laphygma 
exempta) may also occur. Recently, ghost -worm (Gorgopis libani a) 
has been found in natural veld, pastures and lawns. 
Trees: Die~back (Diplodia pinea) causes consider able damage to pine 
plantations following injury by hail o Rodent damage t o newly plan t ed 
pines may also reach serious proportions. Bagworm (Kotochalia junodi) 
is one of the most serious pests in wattle plantations . 
The Natal fruit fly (Pterandus rosa) is by far the most i mpo r tant 
hazard affecting the production of plums and peaches, and large quan ti ties 
of these fru i ts are destroyed during December and January. 
(ii i) Weeds 
The followi ng is a list of the main proclai med, poisonous and other 
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important weeds in the Area. 
Proclaimed weeds: The common weeds proclaimed under the Weeds Act, No. 
42 of 1937, as amended, include bramble (Rubus cuneifolius), bugtree 
(Solanum mauritianum), scotch thistle (Cirsium lanceolatum) and cocklebur 
(Xanthium strumanium). Burweed (Xanthium spino sum) occurs along the 
lower reaches of the Mooi river and isolated patches of lantana (Lantana ' 
camara) are found in the Merrivale valley. Dodder (Cuscuta campestria) 
is restricted to areas along the lower reaches of the Lions and Umgeni 
rivers . The water weeds, Kariba weed (Salvinia auriculata) and water 
hyacinth (Eichornia crassipes), have been identified in several farm dams 
situated in the catchment area of the Midmar dam but active steps have 
already been taken to bring these under control. 
Poisonous weeds: 'Tulip' (Moraea spp. and Homeria spp.) is the most 
troublesome poisonous weed causing cattle and small stock losses in the 
early spring. Moraea spp. occur in the Highland Sourveld, Midlands 
Mistbelt and Tall Grass Veld. The weed is particularly widespread in 
the Karkloof area where it often occurs on the moist, alluvial strips and 
in the grassland. Ragwort (Senecio sp.), slangkop (Urginea macrocentra), 
chinkerinchee (Ornitholagum spp.) and inkberry (Cestrum laevigatum) cause 
occasional losses in cattle, particularly in the Midlands Mistbelt. 
Staggers weed (Matricaria nigellaefolia) is common along streams and on 
bottomlands in the Midlands Mistbelt and adjoining areas. 
Other important weeds: A number of other important or potentially 
troublesome weeds occur in the Area. These include the silver wattle 
(Acacia dealbata), ouhout (Leucosidea sericea), Curry's post weed 
(Anthanasia acerosa) and broom (Sarothamnus scoparius). Witchweed 
(Striga asiatica) is not widespread but is a potential hazard to maize 
production. It is confined mainly to the Howick and Merrivale areas 
where it is associated with partially leached, red soils. 
5) Recreation and wildlife 
From a recreational point of view the Area is not only popular but 
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has immense potential. This is due to many natural attractions, such 
as the Podocarpus forests, numerous waterfalls and dams, scenic beauty 
and wildli fe resources, together with its close proximity to 
Pietermaritzburg and Durban . 
attraction. 
The Midmar dam alone is a most popular 
History reveals that the wildlife, as in all other parts of the 
country, has succumbed to pressures resulting from the increased 
intensity of land use . Stories of lions roaming the Dargle area, 
buffalo being shot near Fort Nottingham and game pi ts dug by early Bantu 
i nhabitants (in the Karkloof area) , speak for themselves. Despite 
this, the Area still supports a rich variety of smaller farm game species , 
birdlife and fishes . 
Commonest ruminants include the grey duiker (Sylvicapra grimmia), 
reedbuck (Redunca arundinum), bushbuck (Tragelaphus scriptus) and oribi 
(Ourebia ourebi). Blesbuck (Damaliscus dorcas) have been introduced to 
several farms wi thin the Highland Sourveld. 
The vervet monkey (Cercopithecus aethiops cloetei) occurs 
throughout the Midlands Mistbelt in both natural forests and exotic 
plantations. The black or silver backed jackal (Thos mesomelas 
mesomelas) is the only carnivorous mammal of any consequence. 
A very wide variety of birdlife, including waterfowl, abounds in 
all parts of the Area. The occurrence of the crested guinea fowl 
(Guttera lividicollis lividicollis) in the Karkloof forest is worthy of 
note. 
Earliest attempts to propagate fresh water f i sh in Natal took 
place in the Area (Crass, 1964) . From hatcheries near Balgowan and in 
the Karkloof area fish were distributed to many rivers, streams and dams. 
Brown trout (Salmo trutta) occur mainly in the Mooi, Lions, Umgeni and 
Yarrow rivers. Their presence in the last··named river at an altitude 
of approximately 114Bm (3,800 ft) marks the lower l i mit of their 
distribution. Rai nbow trout (5 . gairdneri ) have been introduced into 
many dams in the Highland Sourveld . 
Largemouth bass (Micropterus salmoides) occur in the majori ty of 
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dams below an altitude of 1524m (5,000 ft) and are often associated 
with bluegill (Lepomis mairochirus). The occurrence of smallmouth bass 
(M. dolomieui) in Natal is confined almost entirely to the Umgeni river 
near Howick and the Mooi river for some miles downstream from Rosetta 
(Crass, 1964) . Spotted bass (M . punctulatus), also confined to the 
Area, occur mainly in the Umgeni, Lions, and Karkloof rivers. The red-
chested tilapia (Tilapia melanopleura) was also introduced into several 
dams near Howick and has persisted . Carp (Cyprinus carpio) introduced 
into the Midmar dam are reported to be doing well . 
A fairly wide range of indigenous fish species occur throughout the 
Area. The most important of these include the scaly (Barbus natalensis), 
barbel, (Clarias gariepinus), Natal catlet (Amphilius natalensis) and 
the eel (Anguilla mossambica). These species are most plentiful in the 
lower reaches of the main rivers . 
4.5 Agriculture 
Details of present land use and natural characteristics of an 
area provide information required to assess its capabilities. The 
intensity of the current land-use practices, considered against the 
assessed capabilities, provides a basis for identifying important 
problems in agricultural development . Present land use is, however, 
largely influenced by economic factors and, as such, may provide little 
indication of the real capabilities of the land (Kellog, 1951). The 
information should, therefore, be used with caution. 
1) Early development and settlement 
This discussion concerns the period up to 1900 AD . 
(i) Settlement 
Following a period of sparse population during the Shaka era, 
settlement took place under the influence of the Voortrekkers and the 
British who arrived at Port Natal . Annexation of Natal in 1843, however, 
saw many of the Trekkers who had arrived in the late thirties withdraw 
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to lands across the Drakensberg, although some remained in the lower 
region of the Mooi river valley . 
By 1858 the population had increased considerably and the area 
was one of the principally settled regions in Natal, with farm boundaries 
fixed (Moll, 1965) . Undoubtedly, communications and the availability of 
water contributed most to the siting of the present day towns and villages. 
Howick, however , was among a number of towns selected for settlement as 
early as 1846. Between 1850 and 1870 public pounds were established at 
Howick and Lidgetton as an aid to the administration of the area north 
of Pietermaritzburgo 
Development of the main centres was determined by social and 
. 
commercial functions, especially educational and trading needs (McCrystal, 
1963). The first railway line through the Area also did much to 
stimulate economic growth. 
(ii) Agriculture 
Initially, extensive cattle farming was the main farming activity. 
Gradually the pattern changed to more intensive systems and mixed farming 
became common practice. The change to a more intensive system of 
agriculture coincided with the arrival of the British settlers (McCrystal, 
1963). 
Dairying soon became one of the main lines. Mann (1859) quoted 
by McCrystal (1963), suggested that dairy farming in the Midlands was 
capable of being made a source of high remuneration. Lidgetton, in 
fact, became one of the important dairy centres with the production of 
butter the main line. Milk yields were generally low being of the order 
of 0.5 to 1.0 gallons per cow per day (McCrystal, 1963). Markets and 
communications were the main factors influencing the development of this 
industry. 
Extensive cattle farming was confined to the Highland Sourveld 
where land could be purchased at very low cost. The hardy Afrikander, 
initially introduced by the Trekkers, was the most popular breed. In 
1855 an epidemic of lung sickness (pleuro-pneumonia) ~wept through Natal 
180 
and did much to reduce the numbers of cattle and effect a general change 
from cattle to sheep farming. This disease was one of the most 
destructive up to 1896 (Henning, 1949) . Cattle numbers were further 
reduced by rinderpest and later by East Coast fever . 
Sheep farming, mainly Merino, became important after 1855. The 
early development of the Merino industry was described by Sellers (1946) 
and from this, it can be deduced that the Area was widely acclaimed as 
being suitable for sheep. The main problems confronting the farmers 
included poor acclimatization of imported sheep, little knowledge of 
sheep husbandry and diseases such as scab, blue tongue and geelsiekte. 
Early reports make no reference to problems of winter feeding and 
internal parasites. 
One of the earliest sheep experiments in Natal was carried out by 
Edwin Parkinson at Shafton Grange in the Karkloof district,and showed 
that wool yields could be increased from 2 Ib to 4~ Ib per sheep. 
Serious attempts to promote the importation of sheep into Natal resulted 
in 1,000 sheep being offered for sale in Hawick on the 19th April, 1859. 
Prices ranged from £1-3-6 to £1-4-6 per ewe. 
In 1862 John S. Dobie arrived in Natal and set about demonstrating 
the art of sheep rearing to farmers within the Area. In September 1862 
he returned from a visit to the Eastern Cape with a flock of 2,500 sheep. 
These he took to his farm, 'Cotswold', near Fort Nottingham. Dobie, 
however, did not share the general view that most of the Area was 
suitable for sheep since he stated that he "had misgivings as to the 
propriety of making any attempt at sheep farming". 
Despite a setback during the mid-sixties sheep farming continued 
and by 1877 was one of the best paying pursuits (Sellers, 1946). It 
should be noted, however, that the early attempts at sheep farming did 
much damage to the vegetation through excessive numbers, grazing habits 
and related malpractices such as early burning and continuous grazing 
(Edwards, 1963). Today, such damage is evidenced by infestations of 
Athanasia acerosa and the secondary nature of much of the grassland. 
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The early settlers were quick to realize the potential of the 
Area for the production of wattle and timber. The black wattle (Acacia 
mearnsii) was introduced by van der Plank in 1864 and was soon established 
near Howick inducing much economic growth. By 1900 the Lions River 
district was producing over 500 tons of dry stick bark per annum and a 
pattern of land ·use had been established that was to persist to the 
present day (McCrystal, 1963). 
The exploitation of timber, mainly yellowwood (Podocarpus spp.), 
from the indigenous forests was an important activity. Many saw pits, 
still to be seen, indicate the intensity with which tne forests were 
'worked'. The timber was brought to Pietermaritzburg for industries 
and building, and provided a valuable source of income. The widespread 
destruction of these natural forests led to the appointment of a 
commission of inquiry and to many subsequent pleas for their preservation. 
Maize was the most important crop grown in these early times. 
·Its main use was for livestock although considerable quantities were 
used by the settlers and their labourers. Average yields were low being 
of the order of 4.5 bags per acre (McCrystal, 1963). Kaffir corn, 
potatoes, oats and vegetables were also grown fairly extensively. 
2) Present land use 
This discussion deals primarily with the agricultural conditions 
prevailing over the past twenty years. It relies heavily on data 
obtained from the agricultural census which, in many instances, are 
available only for the Lions River magisterial district. 
(i) Agricultural production 
(a) Intensity of land use: The following discussion indicates 
the intensity of land use within the Area and the main farming lines 
practised. 
Farming systems: A similar basis to that used by Pentz (1949) was 
chosen to reflect the degree of intensification on each farm within the 
Area. The three categories used are defined as follows: 
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Intensive farming systems: Those relying heavily on production 
from arable land. The soils have a high potential for intensive arable 
use and the ratio of veld to arable land is small (less than 5:1). The 
main lines include afforestation, cash cropping (rainfed and irrigated), 
fresh milk production, pigs, poultry and the breeding of pedigree 
livestock. Generally, these lines provide the best economic 
possibilities. 
Semi-intensive farming systems: Those relying mainly on the 
natural grassland but supplemented by production from arable land. The 
soils have moderate potential for intensive arable use and the ratio of 
veld to arable land is fairly high (5:1 to 10:1). The main lines are 
less remunerative than those of the intensive farming systems and 
include the production of industrial milk or cream, beef and/or sheep. 
However, a limited amount of fresh milk may be produced on some farms. 
Extensive farming systems: Those relying almost entirely on 
production from the natural grassveld. The soils have a low potential 
for intensive arable use and the ratio of veld to arable land is very 
high (more than 10:1). The main lines include beef and/or sheep. 
The degree of intensification for the Area, based on the above 
definitions, is presented in Map 6 which also shows the main lines of 
farming practised on each farm. Although the above definitions do not 
reflect the efficiency of each farming enterprize thi~ aspect was, to 
some extent, taken into account in compiling the map. 
The influence of the favourable climate, especially rainfall and 
temperature, and communications on the intensity of use is clearly 
reflected on Map 6. Afforestation, for instance, is confined to the 
" , 
Midlands Mistbelt while fresh milk production, though somewhat more 
scattered, is strongly influenced by communications. Topographic 
features and poor communications in the western and eastern sectors of 
the Lions River district have obviously prevented intensification in 
these climatically suitable areas. 
The move to intensification within the Area has been slow. In 
fact, it has not yet reached a maximum on most farms. A feature also 
borne out by several economic surveys is that intensification on anyone 
farm is frequently restricted to the arable areas. A large proportion 
of the available resources is thus used very extensively or not at all. 
Main farming lines: Map 6 shows that a high degree of diversification 
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is characteristic for the Area . For this reason, only those lines of 
considerable economic importance are discussed. Special lines such as 
pigs, poult r y and the breeding of pedigree stock usually form subsidiary 
lines or are confined to smallholdings. These are not discussed. 
Dai rying: Dairy production, not being an export-orientated industry, 
has followed rather than preceded economic development (McCrystal, 1963). 
Nevertheless, it dominates the agricultural economy of the Area. In 
1962, for example, the value of milk sold was almost three times as much 
as that of all timber and bark produced. Approximately 80 percent of 
the milk was sold as fresh milk . Five percent was retailed to consumers 
and approximately 4 percent was used on the farms. 
Despite suggestions that much dairying has been replaced by beef 
or afforestation, the total amount of milk produced has risen steadily 
since 1950 . Thi s is due to an increase in both production per cow and 
in the total number of cows. Data presented by McCrystal (1963) for the 
period 1950 to 1959 show an increase in production per cow of approxi-
mately 12 percent. Today, many progressive farmers are averaging more 
than 2.5 gallons per cow per day. Thus, the rate of increase noted by 
McCrystal has been far surpassed during the last decade. 
Beef and sheep: Beef and/or sheep form the main lines of production in 
the remote parts of the Highland Sourveld and in the Thornveld area. 
They also play a subsidiary role to dairying on many farms where they 
utilize the natural grazing in summer. Although breeding remains the 
mai n type of production, intensive fattening and speculating have recently 
become popular . 
Avai lable data show a steady decline in the number of oxen in the 
Lions River district from 1950 to 1962. During the same period the 
number of wheeled tractors increased from 210 to 352. Although the 
decline in oxen is attributed partly to the replacement of draught animals 
the greater attention afforded to the production of sheep and dairy cattle 
is a contri butory cause. 
Today, the production of sheep, including wool and fat lamb, is one 
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of the main l i nes of farming in the semi~intensive areas. The initial 
sheep population i n the Area was considerably reduced by economic 
influence, disease (blue tongue and internal parasites) and the low 
plane of nutrition experienced in winter. Sheep numbers increased by 
over 100 percent from 1950 to 1962 . This trend has continued. 
Afforestation: For many years afforestation formed the main line of 
farming in the Midlands Mistbelt, and today there are large tracts of 
land planted to trees . The present day spatial distribution is also 
refiected on Map 6. From 1950 to 1962 the area under timber increased 
by 94 percent and since then the area has been considerably boosted by 
the activities of several large tree-growing companies. Table 41 shows 
the increase in total area under trees during the period 1950-1962 and 
the position regarding the various types of trees in the Lions River 
district. 
Table 41 Area under afforestation during the period 1950-1962 
in the Lions River district (S.A. Bureau of Stdtistics, 
1952-1964) 
Yea r 
Tree species 1949- 1954- 1957- 1958- ~ 1961- 1 
1950 1955 1958 1959 1962 
Conifer hectare 1372 2320 4197 5545 6530 
% 17.5 22.7 31. 4 37.2 42.9 
Eucalypt ha 632 1770 2404 2469 2072 
% 8.1 17.4 17.9 16.6 13.6 
Wattle ha 5703 6029 6388 6640 5942 
% 72.7 58.9 47.8 44.6 39.2 
Poplar ha 140 99 188 242 379 
% 1.7 1.0 1.4 1.6 2.5 
Other ha 194 274 
% - - 1.5 - 1.8 
Total ha 7447 10228 13371 14896 15198 
% 100.0 100.0 100.0 100.0 100.0 
In 1950 and 1962 afforestation covered approximately 5.4 percent 
and 10 percent of the district respectively. The marked extent to 
which the area under wattle has decreased and that of conifers has 
increased is clearly reflected. The area of Eucalypts has increased 
considerably subsequent to 1962. 
185 
The return from the sale of wet wattle bark (Rl17,641) in 1962 
was by far the highest of any of the timber products. In order of 
value the other main products were saw timber (R68,403 - mainly conifers), 
pulpwood (R17,288 - from wattle , (42%), eucalypts (36%) and conifers 
(22%)), mining timber (R16,560 - contributed equally by wattle and 
eucalypts) and firewood (R15,790 - almost entirely from wattle). 
Utilization of farm land and farm size: A number of surveys conducted 
by the writer established that the average farm size (excluding small-
holdings) was approximately 1,500 acres. Of this area 20.5 percent was 
existing arable land, 71.6 percent natural grassland, 5.6 percent 
afforestation and 2.3 percent wasteland. Approximately 12 percent of 
the arable area was irrigated and 3 to 5 percent was cultivated by Bantu. 
Over 70 percent of the farmers included in the survey practised irrigation. 
On an average, 6 percent of the natural grassland was mown for hay. 
In a separate survey conducted in the Jhornveld area the average 
farm size was also found to be approximately 1,500 acres, less than half 
the recommended size as suitable for extensive farming systems (Scott, 
1954). 
A most disturbing feature concerning farm size, especially in the 
Lions River district, is the widespread subdivision of farmland into 
uneconomic units. Agricultural census returns for the district reveal 
that the average farm ~ize decreased from 1,300 acres in 1951 to 1,100 
acres in 1962. During the same period the number of holdings of less 
than 100 acres in size increased from 17 percent to 32 percent. This 
trend has accelerated phenomenally in recent times and can be attibuted 
to the steep rise in land prices and the desire of the average farmer 
to take advantage of this. Also, it was stated that legislation to 
prevent uneconomic subdivision of land was pending and this led to a 
demand for small holdings before the legislation was introduced. 
Table 42 reflects the trends in the Lions River district. 
In addition to the increase in smallholdings there was a marked 
decrease in the number of holdings exceeding 2,000 acres. This trend 
Table 42 Trends in the size of farm holdings from 
1951 to 1961 in the Lions River district 
(S.A. Bureau of Statistics 1952-1964) 
Size of holding Percentage distribution 
(acres) 1951 1956 1961 
0 - 100 16.9 17.8 31.9 
101 - 500 17.3 19.8 15.9 
501 - 1000 17.3 16.7 32.5 
1001 - 2000 28.2 24.6 14.9 
2001 - 300 10.0 10.2 3.2 
over 3001 10.3 10.9 1.6 
will, however, be influenced by the recent activities of several 
organizations that have purchased and consolidated adjoining farms. 
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(b) Crops, pastures, fodder and agronomic practices: Most of 
the crop production provides fodder for livestock. A feature of many 
of the cropping programmes is the large acreage of winter fodder crops 
grown under rainfed conditions. Considerable effort and capital are 
expended, often without success, to produce these crops when conditions 
of moisture and temperature are limiting. This practice has important 
economic implications. 
The main crops and pastures grown include the following: 
Fodder crops: Maize is the most extensively grown crop and occupies 
approximately 25 percent of the total arable acreage. About 70 percent 
is reaped as grain and the remainder as silage. Over 80 percent of the 
grain produced is used locally. Yellow maize, which comprises 65 per-
cent of the total, is grown primarily for dairy cattle and pigs. White 
i - maize is used mainly for labour. 
Yields have increased sharply with improved technology. A survey 
conducted in 1961 showed that the average grain yield at 11 sites was 19 
bags/acre (Mallett & Scotney, 1961). A more recent survey of 22 farm 
fields, conducted in 1967, showed that the average yield was 30.3 bags/ 
acre. The highest yield was in excess of 40 bags/acre (Scotney & 
Wiseman, 1968). 
In 1962 over 70 percent of the maize grown consisted of locally 
187 
selected varieties but today wide use is made of hybrid varieties, 
especially for grain production. In the second survey mentioned only 
one field was not planted to a hybrid variety. 
Japanese millet is grown fairly extensively for ensilge but today 
is less popular than it was. In 1960 a total of 17 percent of the area 
cultivated by whites was sown to millet. This crop is favoured in the 
colder parts since it can be followed by a winter fodder crop. Yields 
of 7 to 8 tons green material per acre are usual although yields of up 
to 15 tons have been recorded under favourable conditions. 
The very limited acreage of annual legume crops, such as soyabeans, 
is striking. In 1960 only 1.5 percent of the total area cultivated 
comprised leguminous field crops . This is probably due to the low 
yields frequently attained, the problem of curing and the increased 
popularity of E.curvula as a source of hay. Dolichos beans are grown 
on a limited scale in the drier parts of the Mooi River district. Beans 
are sometimes sown with maize for ensilage. 
Annual grazing crops for dairy cattle and sheep are grown exten-
sively. Oats and ryegrass are the most widely planted although initially 
the former was favoured. In 1960, approximately 9 percent of the 
cultivated area was sown to oats. This crop has, however, gradually 
given way to smaller acreages of highly fertilized fodder crops, mainly 
ryegrass, produced under irrigation (Wiseman & Scotney, 1968). 
Root crops are widely grown for winter feed, especially for sheep. 
Japanese radishes and turnips are most popular although the former are 
generally regarded as having the highest yield potential. Chou moellier 
was once extensively grown on all dairy farms but is no longer of 
importance because of variable yields, susceptibility to insect damage 
and high labour demands. 
Cash crops: Excluding maize, cash c~ops to date have played a 
relatively minor role in the farming systems. In 1960, for example, 
potatoes and vegetables comprised only 3 percent of the total acreage 
cultivated. The acreage under potatoes, however, doubled between 1951 
and 1962 and a steady increase has continued to this day. The 
production of seed potatoes provides the main source of income on a 
number of farms~ especially within the Highland Sourveld . Cabbages 
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and other vegetables are next in importance to potatoes. Vegetables 
are produced under irrigation along the lower reaches of the Mooi 
river and at Lidgetton . Phormium tenax, pyrethrum and kenaf have been 
grown in the Midlands Mistbelt but have not assumed importance. 
Pasture production and ley crops: Much of the Area is eminently 
suited to the production of high quality pastures and ley crops. Maize 
has, in fact, lost its supremacy as the most widely grown crop and by 
1960 the area under pasture had exceeded that under maize . In the five 
years prior to 1962 the area of pasture increased by over 70 percent and 
in 1962, 56 percent of the pastures consisted of mixed grass-clover 
swards . The demand for grazing of high quality and the improved 
establishment, fertilizer and management techniques have led to the 
increased acreage. 
A survey in 1963 revealed that approximately 34 percent of the 
arable land was under permanent pasture or leys rotated with annual 
fodder or cash crops (Scotney, 1963). Almost half the area of ley 
crop consisted of E.curvula. 
The most important summer producing grasses include kikuyu 
(Pennisetum clandestinum), Paspalum spP. and E.curvula. Cool season 
varietie~ usually grown under irrigatio~ include ryegrass (Lolium spp.), 
cocksfoot (Dactylis glomerata) and tall fescue (Festuca elatior -
Kentucky 31) . Rhodes grass (Chloris gayana) was initially included in 
most pasture mixtures bu~ although it has persisted on some fields i n 
the Merrivale valley, it has proved disappointing. 
clovers are ext~nsively grown throughout the Area. 
As already indicated 
Their success outside 
the Highland Sourveld and Midlands Mistbelt is largely dependent on the 
availability of irrigation. 
most widely grown variety. 
Ladino clover (Trifolium repens) is the 
Successful lucerne production is confined almost entirely to the 
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lower regions of the Mooi river valley where irrigation is practised. 
Observation trials and experience indicate that lucerne production 
under rainfed conditions, especially on the highly leached soils, has 
not proved highly successful. This failure is undoubtedly the result 
of poor fertilization and inadequate lime. 
Horticultural crops: In addition to the vegetable production previously 
noted, a very limited amount of fruit is produced. The prevalence of 
hail and the fruit fly, together with late frosts in spring, are the 
main factors preventing large-scale production. The successful 
production of plums (Methley variety) in the Balgowan area is, however, 
noteworthy. The bulk of the fruit produced is for home use. In 1960 
there was a total of 35,115 deciduous trees and 3,000 citrus trees on 
farms in the Lions River district. 
Conserved feeds: Silage production remains the basis for meeting the 
'summer surplus - winter scarcity' problem. Recently, however, there 
has been a tendency for dairy farmers to dispense with silage and to rely 
entirely on the production of heavily fertilized ryegrass under irrigation. 
The economic advantage of this practice over the conventional systems has 
yet to be clearly established. The exceptionally high yield potential 
of rye grass was revealed in a local survey, which showed that yields of 
over 40 tons of green material (or 7 tons d~y matter) per acre and over 
12,500 Ib crude protein per acre, were being obtained by some farmers 
(Wiseman & Scotney, 1968). Irrigated ryegrass yielded twice as much as 
that grown under dryland conditions. Handling excess growth under 
adverse weather conditions in early summer is a problem associated with 
this crop. 
A survey conducted in 1963 showed that maize (47 percent) and 
millet (36 percent) were the main silage crops grown although yields were 
exceptionally low as a result , of poor fertilization (Scotney, 1963). 
Most farmers commenced feeding silage late in the season (Mayor June) 
and the quality of more than half the number of silage samples collected, 
mostly millet, was rated as poor. 
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The main sources of hay are Eocurvu1a, teff and the natural 
veld. Lucerne hay is imported into the Area. In the 1963 survey the 
average yields of hay from the veld and E.curvula were approximately 1 
and 3 tons/acre respectively although much higher yields of E.curvula 
were achieved by some farmers. The lack of a high quality, locally 
produced, legume hay and the difficulty of curing good quality hay in 
the field are aspects worthy of special emphasis. 
Agronomic practices: The standard of agronomic practice in the Area is 
moderate. The most important single factor preventing the attainment 
of high yields is poor fertilization. Although reference has already 
been made to the main problems (Chapter 2), it is suggested that 
nitrogenous fertilizer and lime are the most poorly supplied materials. 
In 1962 the average amount of nutrients applied to maize was 35 Ib 
nitrogen, 26 Ib phosphorus and 36 Ib potassium per acre (Scotney, 1963). 
This amount of nitrogen is sufficient only to meet the needs of a crop 
yielding 7 bags per acre . It is standard practice for farmers to apply 
t to 1 ton lime per acre irrespective of soil, crop or nutrient status. 
Several features, including optimum plant populations, improved 
varieties, efficient weed .and pest control and correct tillage methods, 
are frequently neglected. Recently, however, there has been a marked 
improvement. For example, a maize survey conducted in 1961 revealed an 
average plant population of 9,850 plants per acre (Mallett & Scotney, 
1961). In 1967 the average value for high rainfall areas was approxi-
mately 16,000 plants per acre (Scotney & Wiseman, 1968). A problem 
associated with the large-scale production of winter fodder crops is that 
early winter ploughing, especially recommended for the partially leached 
soils, is not permitted. Although crops are generally rotated there is 
seldom any clearly defined objectives in selecting the cropping sequence. 
(c) Livestock: In 1962 the livestock population in the Lions 
River district, excluding horses, consisted of 71 percent white-owned 
cattle, 18 percent sheep and 11 percent Bantu-owned cattle. Most 
noticeable changes after 1951 were the 100 percent increase in sheep and 
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the 39 percent reduction in Bantu-owned cattle. On the basis of data 
presented by Edwards (1963) the approximate carrying capacity of the 
Lions River district during the 1951-62 period was 9.8 acres per mature 
livestock unit. Corresponding values for the Umvoti, Bergville, 
Estcourt and Weenen magisterial districts were 13.0, 11.3, 9.8 and 7.4 
acres respectively. Although the total number of white-owned cattle 
remained almost constant from 1951 to 1962 the number of cows over two 
years of age increased from 54 percent to 67 percent of the total number. 
Sixty three percent of this number were kept for milk production. 
The main breeds of cows in 1962 were, in numerical order, 
Friesland, Jersey, Afrikander, Ayrshire, Aberdeen Angus and Hereford. 
Compared to the situation in 1951, there is a marked increase in both 
the Jersey and Hereford while the Friesland and Afrikander showed a 
slight increase and decrease respectively. 
has increased in popularity. 
In recent years the Sussex 
Sheep: Sheep largely compensated for the reduction in oxen and Bantu-
owned cattle. Woolled sheep, including the Merino and Corriedale, are 
commonest. The use of certain 'Down' breeds for the production of fat 
lamb, has increased considerably in recent years. 
Pigs. poultry and other classes: During 1951 to 1962 the number of pigs 
in the Lions River district declined by as much 140 percent. Recently, 
however, there has been renewed interest in pigs. 
Landrace are the most popular breeds. 
Large-white and 
The number of fowls in the Area fluctuates continuously. The 
total number in 1951, 1958 and 1962, for instance, was 51,980, 88,921 and 
42,802 respectively. Other classes of poultry are not important. 
Horses are widely distributed and although the total in 1960 was 
given as 2,204, the number was probably underestimated since many horses 
are migrant from, and to, the adjoining Bantu locations. 
Goats are common in the Thornveld area but numbers have not been 
satisfactorily ~scertained. According to Edwards (1963), numbers are 
usually highest where erosion is worst~ 
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(ii) Economics 
Agriculture in the Area contributes much to the economy of the 
Umgeni Region which Horwood (in McCrystal, 1963) described as 
diversified and vigorous. Although many economic aspects of land ·use 
in the Lions River district were studied by McCrystal (1963) very little 
reference was made to the situation at farm level. 
In 1960, 8 study of th§ eeenom!cs of dairy farming in Natal was 
initiated by the Department of Economics and Markets and co-operation of 
a number of farmers in the Lions River district was solicited. These 
were the nucleus of e Hgwick Farmers Study Group which the writer formed 
in 1964. In 1966 a second group came into being in the Mooi River 
district. Detailed records kept by the participating farmers and 
analyzed annually by the Department of Economics at the University of 
Natal, provided some of the economic standards for the Natal Region 
(Dept. of Agric. Economics, 1968). These standards and the annual 
business summaries for both study groups form the basis for this 
discussion. It is acknowledged, however, that there are deficiencies 
due to the limited number of participants. Furthermore, the study does 
not include the economics of forestry production. 
(a) Capital investment: The average size of farms studied in 
the Howick and Mooi ~ver districts . is 1,531 acres and 1,382 acres 
respectively. Table 43 shows the average capital investment for both 
study groups. 
The total capital investment (on Howick farms) is among the highest 
in Natal. This is due mainly to the high values for land, fixed improve-
ments (mainly buildings) and dairy stock. Over-capitalization is thus a 
problem in the Lions River district. Values for the Mooi River group 
compare favourably with those in other' parts of Natal. 
(b) Total farm expenditure and income: A summary of the total 
farm expendi~ure and income for Howick and Mooi River farms is presented 
in Table 44. 
The most important fixed costs include wages, repairs and 
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Tq b1e 43 Capital investment (R) on farms in the Hawick and 
Mooi River distri ct s (Dept. Agric • . Economics , 1968) 
Capital investment 1. RT 
I t e m Hawick farms Mooi River farms 
(1.531 acres) (1. 382 acres) 
1. Fixed ca(2ital 
Land 52,531 38,906 
Fixed improvements 26.592 10.029 
Total fixed capital 79,123 48,935 
Fixed capital per acre 51. 7 35.4 
2. Movable ca(2ital 
Mechanical power and 
equipment 9,511 6,086 
Livestock: 
Dairy 21,806 12,041 
Beef 6,984 1,317 
Sheep 5,716 2,598 
Pigs 1,488 118 
Other - 8 
Total livestock 35,994 16,082 
Crop on hand 777 109 
Total movable capital 46, 282 22,277 
Movable capital per acre 30.2 16.1 
3. Total ca(2ital investment 125,405 71,212 
Total capital per acre 81.9 51.5 
Movable capital as % of 
total capital 36.9 31.3 
Table 44 Total farm expenditure (R) and income (R) for farms 
in the Hawick and Mooi River districts (Dept. Agric. 
Economics, 1968) 
Item Hawick farms Mooi River farms 
1. Total eX(2enditure I 
Fixed costs 18,886 8,766 
Variable costs 
~~ Livestock 8 , 567 6,089 Crops 6,947 3,256 
To t al vari able costs 15.514 9.345 
Total cos t s 34,400 18,111 
2. Total income 
Dairy 26,916 16,758 
Beef 2,535 369 
Sheep 1,935 1,697 
Pigs 2,743 910 
Crops (trading) 4,647 1,874 
Other 1,767 633 
Total farm income 40,543 22,241 
3. Net fa r m i ncome 6,143 4,160 
Net fa r m ~ncome per acre 4.01 3.01 
Net farm RlOo l.ncome per 













































maintenance, miscellaneous costs and depreciation. Of the variable 
costs, purchased feeds and fertilizer are by far the most important. 
The high value of the latter for the Howick farms is in keeping with the 
fertilizer requirements of the soils. The ratio of fixed to variable 
costs for the Howick farms again indicates high capital requirements 
for would-be farmers. 
Although the net farm income per RIOO capital invested for both 
groups does not appear to be particularly attractive they compare 
favourably with the averages determined for other study groups in the 
Natal Midlands. Values for net farm income indirectly reflect a low 
intensity of land use although both districts are particularly suited to 
intensive farming systems. Crop trading income for both groups is 
second in importance to the main dairy income and is largely derived from 
the production of potatoes. 
The economic analyses also reveal a high degree of indebtedness 
on many farms. In 1966, the indebtedness for the Howick and Mooi River 
groups, expressed as a percentage of the total capital, was 12 and 28 
percent respectively. 
(c) Enterprize results: Although detailed accounts of the main 
enterprizes are not given, special note is made of those aspects most 
affecting the overall financial results. The average yield of milk per 
cow for the Howick and Mooi River groups was 607 and 657 gallons 
respectively. Since these yields should be at least 30 percent higher 
there is considerable scope for improvement in this direction. An 
important factor in this respect is feeding, especially the relationship 
between purchased feeds and farm produced forage crops. Although the 
quality of livestock is generally good, rigid culling and a general 
upgrading of herds would raise the level of production and improve the 
financial results. 
For the few beef farmers in the Howick group the direct gross 
margin per animal unit was R21. In the case of sheep it was R27 and R37 
for the Howick and Mooi River groups respectively. Today, however, the 
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economic advantage of sheep over beef is not so obvious. Continued 
improvement in the profitability of beef farming is anticipated. Both 
enterprizes would benefit from improved feeding and management. Calving 
and lambing percentages are often too low for optimum economic returns. 
The enterprize results suggest that, under the existing economic 
conditions, fresh milk production and intensive cash cropping should 
contribute most to farm income. 
3) Application of the Soil Conservation Act 
Following proclamation of the Lions River and Mooi River Valley 
soil conservation districts in the early 1950s progress in soil 
conservation was sporadic. Response from the farming community was 
particularly satisfactory in the former district. Although progress, 
as measured by the number of farm plans, amendments and works, either 
passed or approved, was most encouraging (at least up to 1960), a general 
apathetic attitude towards the erosion problem persisted. Few seemed 
to appreciate that 'planned farming' was the prelude to sound 
conservation. Perhaps those advising farmers focussed insufficient 
attention on the economic benefits or profitability of conservation 
farming. 
By 1962 many so-called 'physical farm plans' had been served and in 
the Lions River and Mooi River Valley districts the total area covered 
by planned farms was 55 percent and 58 percent respectively. The 
situation in the Umgeni, Lions and Karkloof river catchments was 47 per-
cent, 72 percent and 52 percent respectively. The extent to which the 
subsidy scheme contributed to the initial progress is difficult to assess. 
Undoubtedly, it did much to attractth~ attention of farmers although the 
rapid change in land ownership was also a feature that influenced planning 
activities appreciably. 
Fencing is by far the most important of the soil conservation 
works constructed in the Area. In 1964 over 80 percent of the 
conservation works completed were fences. Stock-watering schemes are 
next in importance. Although the majority of arable lands are laid out 
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on the contour, the construction and maintenance of the actual structures 
are generally poor. This and the poor agronomic practices already 
referred to, have resulted in accelerated run-off and much soil loss. 
Several provisions of the original district schemes were not 
rigidly applied. These include the regulation or prohibition of veld 
burning, grazing management, the restriction of the numbers and kinds of 
livestock and the protection of springs and sponges. 
The cool,m~~st conditions experienced over much of the Area leads 
to much veld burning before the end of July, especially on the steep 
mountainous slopes where run-off is high (Scott, 1951; Edwards, 1961). 
Damage to early growth following the burn is caused by frost. Soil 
moisture conditions are, however , adequate f or . ~riowth at , this 
time (Chapter 2). Specified dates after which burning may take place 
do not cater for the very wide range in ecological conditions prevailing 
in both soil conservation districts. Although the majority of farms 
are adequately fenced, as yet few farmers have applied satisfactory 
systems of veld management. 
The provision that "no spring or water sponge shall be harmfully 
drained" has remained one of the most controversial. Despite many 
pleas for total protection, the majority of vleis have been subjected to 
some form of drainage and, in most instances, are established to pastures. 
4) Problems indicated by present land use 
In addition to limitations brought about by the natural features 
of the Area, notably climate and soils, present land {use indicates several 
problems of an economic and managerial nature. These include problems 
related to intensity of land· use, the production of livestock and crops 
and those affecting conservation. 
(i) For most of the Area the intensity of land .. use has not yet reached 
a maximum. However, in the Thornveld area the application of incorrect 
farming systems (e.g. dairying} and the small size of farms have led to 
over-intensification with unfortunate results. The degree to which 
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. 1 [ economic reward, markets and communication have influenced land-use 
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( e f~ pattern i s reflected in the scattered occurrence of dairy farms 
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t hroughout the Area, irrespective of prevailing ecological and pedological 
conditions . Intensive systems rely heavily on arable land and, as such, 
cognisance should be taken of the available soils and their potential 
for arable use. Th~ highly leached soils offer the best possibilities 
for this purpose. 
Two problems related to the increased afforestation are 1) the 
di r ect competition between timber and crop production for the relatively 
limited amount of land of very high potential for arable use, and 2) 
the possible detrimental effect of afforestation on vital water resources. 
Such problems stress the need for the rational selection of land for each 
particular enterprize. Although much of the Area is suitable for timber 
the small farmer seldom has sufficient capital to establish an economic 
enterprize. 
The constant reduction in farm size poses important economic 
problems. At present the current average size in the high rainfell 
areas is more than adequate, but it is essential that a lower limit be 
established as a guide to future subdivision. In a production function 
study of marginal returns and optimum intensity, Kassier (1966) found the 
optimum farm size in East Griqualand to be approximately 400 acres. In 
this area net farm income was found to be highest on farms under 1,400 
acres (Dept. Agric. Economics, 1964). The optimum farm size is 
determined, to a large extent, by .the area of available arable land. 
In this respect, much of the Highland Sourveld is particularly favourable 
for intensive farming and as a result, farms can be expected to become 
smaller in the future . 
At present, beef farming cannot compete economically with other 
lines, yet, natural features are such that beef production should play an 
important role in the Area. With improved economic conditions the 
prospects for intensive beef production are good. 
(ii) Economic studies indicate over-capitilization, high fixed and 
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variable costs, and mediocre managerial ability. The high costs of 
purchased feeds are noteworthy and greater effort should be made to 
produce high yielding crops of suitable quality for use on the farm. 
Added attention should also be given to planning the farmers financial 
resources since, in many cases, there is a high degree of indebtedness. 
Readily available short term production loans would do much to increase 
the rate of development. 
(iii) Most of the crop and livestock production problems are related 
to the low plant nutrient status of the soils and the cold dry winters. 
Provision must be made for the relatively long winter feeding period. 
It is essential that the yield potential of a wide variety of suitable 
crops be established for each of the major soil series, preferably under 
both rainfed conditions and irrigation. Optimum economic levels of 
fertilizer and seeding rates for different crops should also be 
determined. For example, Kassier and Mallett (1966) established that 
for a predicted yield of 21 bags maize per acre on the Loskop series the 
most economic inputs of fertilizer were approximately 69 Ib N, 20 lb. P 
and 61 Ib K per acre if the price of maize was R2.87 per bag. 
Livestock yields must be increased through better feeding and the 
raising of the herd or flock standard. The search for a suitable 
legume hay and improved curing methods should also be continued. For 
this purpose, the production of dryland lucerne on partially leached 
soils should be investigated. 
(iv) Conservation of the natural resources should be ensured through 
the widespread adoption of sound land-use practices in which the profit 
motive is stressed. Codes of practices for ensuring the safe use of 
arable land, natural veld and water resources should be formulated with 
special regard given to the soil factor. The time has also arrived for 
positive action to be taken in conserving and utilizing wildlife on the 
farm and to develop more areas for recreation . 
CHAPTER 5 
THE INTERRELATIONSHIP OF NATURAL 
CHARACTERISTICS AND LAND USE 
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Preparatory and continuing studies of all natural characteristics 
and their complex interrelationships, based on ecological principles 
and viewed holistically, are the essence of sound agricultural 
development. The object of this chapter is, therefore, to review the 
interplay between the main natural characteristics and to suggest how 
these might be related to the agricultural potential and needs of the 
Area. The natural features previously described form the basis of the 
discussion and the establishment of defined ecological areas. These, 
in turn, provide the foundation for classifying land in terms of use-
capabilities (Chapter 6). Pratt, Greenway and Gwynne (1966) adopted a 
similar approach in their classification of East African rangeland. 
With the emphasis on ecological principles little regard is given 
to the influence that man may exert on the environment. This can, 
however, be so great as to change or re-direct the normal functioning of 
the ecosystem. Odum (1959) went so far as to suggest that 'tinkering' 
with basic ecosystems could result in a glorious future or complete 
destruction. It is important, therefore, to appreciate that man, 
through management or mismanagement, can radically change the environment. 
5.1 Interplay between physical and biotic factors 
All interactions of natural features, some of them extremely 
complex, influence the natural setting and agricultural potential of the 
Area. The significance of individual factors, and just how far the 
influence of one may supersede that of another, is often difficult to 
assess. In Snowdonia, however, Hughes and Milner (1964) found that 
local variations in geology and rainfall affected soils and vegetation 
markedly which, in turn, influenced human settlement, sheep popUlation 
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densities, growth of sheep and the production of dry matter. Despite 
the di fficulties in determining such relationships an attempt is made to 
identify the most important factors and correlations. 
The overriding influence of ~limate is particularly noteworthy. 
Through its master elements it has controlled the pattern of distribution 
of both soils and vegetation. Its dominance as an active factor in soi l 
formation is adequately expressed in the chemical and physical 
characteristics of the soils. Because of this, a guide to the 
'effective' moisture conditions is obtained by considering the degree 
of leaching (Chapter 1). On this basis, a moist, warm climate is 
equated to a slightly dry, cool climate since both result in the same 
degree of leaching. Climate has also dominated the development and 
distribution of vegetation and the climatic climax concept is adequately 
demonstrated by the presence of the Podocarpus forests in the humid 
regions. Jacks (1946) rated climate as the most important factor 
influencing the distribution and adaptability of crops to be grown . He 
regarded soils as the important factor controlling crop productivity. 
1 ) ~ n te.f'J2:lay between clim'!i§ t-E.Qils ami vegetation 
There i s a definite and repeated world pattern of climates all 
assobiated with general and repeated patterns of native vegetation and 
soils (Trewartha, 1954) . Similar patterns, though more detailed, have 
been established in the Area. By considering the independent studies 
and surveys previously reported distinct correlation between the 
environmental factors become evident . Comparison of the various maps 
shows these clearly. The soil map (1:50,000) was reduced specifically 
for this purpose (Map 2). A short account of the most striking 
correlations follows. 
(i) Climate and soils: There is a close relationship between the 
cl i matic sub-r egions and the landscape groups. Since the latter are 
def i ned in ter ms of degree of leaching there exists a gross correlation 
between climate and soils. Climatic sub-regions 1 and 2 shown on Map 4, 
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each with a moisture index exceeding 20, are associated with highly 
leached soils. These two sub-regions are, however, separated on the 
basis of temperature. The cooler conditions in sub-region 1 are 
clearly reflected in the higher organic matter status of the soils (e.g. 
humic phase soils), although this is not always a reliable criterion for 
separating these sub-regions. In contrast, the very dry sub-humid 
regions with a moisture index of -10 or less are generally associated 
with slightly leached soils. Between these two extremes the correlation 
holds equally well although local variations in climate may give rise to 
soils not in keeping with the general pattern. 
(ii) Climate and vegetation: The relationship between climatic 
factors and vegetation is explained by Phillips (1959), who states that 
"the form, structure and development stages of plant communities are a 
faithful reflection of the integration of the master climatic factors, 
modified in varying degree by local characteristics of soil". A strong 
correlation exists between the defined climatic sub-regions and the 
vegetation types. Many vegetation type boundaries ,shown on Map 5 are 
verified by the independent studies of Edwards (1963) and Moll (1965). 
Although the cool, dry, ecotonal grasslands coincide with climatic sub-
regions 3 and 5 a more detailed investigation is necessary to place this 
correlation beyond doubt. The Highland Sourveld and Midlands Mistbelt 
correspond exactly with climatic sub-regions 1 and 2. The different 
form and structure of the vegetation in each of these types reflect 
important temperature differences between the sub-regions. 
Vegetation types reflect the integrated factors of 'climate. As 
climate changes from the humid, through moist, to dry sub-regions so the 
vegetation alters in form, structure, floristic composition and basal 
cover. The change from Podocarpus forest and sour grassland through 
ecotonal grasslands and Tall Grass Veld to typical Thornveld is a 
"faithful reflection" of the ~ma~ter factors of climate. 
(iii) Soils and vegetation: 
correlated with vegetation. 
It follows that soils are grossly 
This discussion is,however, confined to the 
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more detailed plant-soil relationships. Frequent examples of edaphic 
climaxes are seen throughout the Area, perhaps more so in the slightly 
drier parts. Specific correlations are less clear in landscapes where 
the leaching process has reached to the highest limit. Miller (1966), 
working in a sample of Highland Sourveld at the Tabamhlope research 
station near Estcourt, 'found no obvious correlation between pl&nt 
"distribution, altitude, aspect or soil. Correlations of this nature 
would, however, require detailed investigation at the phase level. 
Individual soil properties may exert a profound influence over 
the development of a plant community. For example, different drainage 
conditions are reflected in the typical zonation of the 'vlei' 
communities. At high altitudes, grasses such as Arundinella sPp., 
Danthonia , macowanii and Pennisetum spp. and the sedges ~unceae spp., 
Eleocharis spp. and Rhyncospora spp. indicate impeded drainage. In 
drier habitats Imperata cylindrica and Andropogon eucomis are the 
indicators for similar conditions. Seasonal waterlogging is frequently 
i ndicated by sedges such as Ascolepsis sp., Bulbostya sp., Carex sp. and 
Fuirena sp., together with grasses such as Agrostis sp., Andropogon sp., 
Festuca sp. and Stiburus sp. 
Soil depth is often reflected in the characteristics of plant 
communities. Xerosere communities including Digitaria monodactyla, 
Mi crochloa caffra, Rendlia altera, Eragrostis racemosa and E.capensis 
of ten occur on shallow, rocky and eroded areas. Within the Highland 
Sourveld, Protea roupelliae and grasses such as Andropogon filifolius, 
Alloteropsis semi-alata, Loudetia simplex and Danthonia stricta 
frequently reflect shallow soils. Moll (1965) also noted a considerable 
variation in the height of trees within the Podocarpus forests which he 
attributed to differences in soil depth. 
Correlations with soil texture are not very apparent except on 
sandy soils of the E3- and Ll-associations . Cynodon dactylon and 
Aristida spp. are common on " these 'light' soils especially in the lower 
reaches of the Mooi River Valley district. Edwards (1963) also related 
Acacia robusta to outcrops of middle Ecca sandstone. 
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There is a close relationship between the Acaciakarroo-A.nilotica 
communities and the margalitic and claypan bottomland soils, especially 
where severe gully erosion has drastically lowered the ground water 
table. Dominance of Bothriochloa insculpta on margalitic soils was 
also noted by Edwards (1963). 
The examples quoted serve to illustrate how soils, or soil 
properties, may influence the development of plant communities or the 
dominance of individual species. Moreover, vegetation is an important 
factor in soil formation. The effect of the Po do carpus forests on 
soil properties illustrates this natural process (Chapter 1). 
Several other less important relationships can be noted. Parent 
materials through their influence on plant nutrient status of soils often 
influence species composition and palatability. Using the soil survey 
data Channon (1962) found a close correlation between parent material 
and percentage base saturation. Soils derived from dolerite had the 
highest values. Parent material may even influence systems of grazing 
management (Scott, 1947). Soils derived from dolerite are generally 
associated with a high basal cover, palatable grass species and a 
dominance of Themeda triandra. Many other species commonly found on 
outcrops of dolerite have been listed by Edwards (1963) and Moll (1965). 
In contrast, basal cover, density and height of vegetation are often 
lower for soils derived from sedimentary rocks. 
2) Interplay between other natural factors 
Special note is made of a number of other natural interactions 
since they are important to land ,use. Soil erosion, for instance, is 
related to many interacting natural factors such as soil, slope, plant 
cover, rainfall intensity and wind velocity. Reference has previously 
been made to the erosion hazard of individual soils and the criteria 
contributing most to this quality (Chapter 3). However, slope is , 
directly related to soil loss and, as gradients increase, the danger of 
erosion becomes greater, land use becomes less intensive and mechanization 
more restricted. Soil loss values with different gradients stress the 
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importance of slope. Vincent and Hack (1960) found that the natural 
erosion in tons per acre per annum from undisturbed sandveld was of the 
order of percentage slope multiplied by one. 
Although few reliable measurements of percentage basal cover have 
been made for each of the main vegetation types the tendency is for cover 
to increase with rainfall. This factor is obviously related to 
natural erosion and probably contributes much to the stability of soils 
within the high rainfall areas. 
Physiography, through altitude and local topography, affects 
climate markedly. High altitudes are associated with high rainfall, low 
aerial and soil temperatures, windiness and severe winters. The rain-
shadow effect of the 'main divide' is demonstrated by the differences in 
cli mate between the Midlands Mistbelt (sub-region 2) lying to the south 
and the Thornveld (sub-region 8) lying to the north, both of which are 
between 3,500 feet and 4,000 feet above sea level. The influence of 
al titude on soil properties is demonstrated by the positive correlation 
between altitude and organic carbon content established by Channon (1962). 
Gently undulating topography is often associated with greater 
uniformity of vegetation type especially in the Highveld Sourveld. 
Furthermore, local areas of level topography invariably influence both 
vegetation and soil properties (e.g. drainage). This is best illustrated 
by a comparison of upland and bottomland soils and their associated plant 
communities. 
Aspect, through its influence on the moisture regime, has a 
profound effect on vegetation and soils throughout the Area. The 
occurrence of Cymbopogon-Hyparrhenia communities on southern aspect 
slopes and the mora palatable grasses on northern aspect slopes, are 
examples of these effects. Thus, aspect should determine the subdivision 
and management of the natural grassland and the selection of sites for 
forestry. 
In summary it can be said that:-
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a) climate, mainly the water balance, has an overriding influence 
on both the edaphic and biotic features of the Area. Accurate 
appraisal of the climate provides the basis for determining 
agricultural potential; 
b) positive but gross correlations exist between climate, soils, 
vegetation and the other natural features; 
c) vegetation reflects the conditions of climate and is modified, 
to some extent, by edaphic features. Soil characteristics, 
singly or collectively, may control the occurrence of plant 
communities or single species. Vegetation, in turn, can modify 
characteristics of the soil; and 
d) all major natural features of the Area are related to the 
important problem of soil erosion. 
5.2 Influence of natural features on assessment of agricultural 
potential 
This discussion concerns the assessment and significance of the 
natural features and their relation to agricultural potential. It 
purposely excludes the soil factor since much has already been said of 
the soil resources. Nevertheless, this information ,(read together with 
the soils data) provides a realistic appreciation of the potentialities 
of the Area for agriculture. On this basis land -use can be planned so 
as to avoid over-exploitation of the natural resources, fruitless 
endeavour and erosion. 
1) Assessment of climate in relation to agricultural potential 
Methods of expressing the relationship between environmental 
conditions, mainly climate, and crop production have been the object of 
numerous studies. Many of these have been reviewed by Landsberg (1958) 
and Wilsie (1962). Accurate evaluation of pluviometric and thermic 
situations is often made difficult by the complex interactions between 
factors of the environment and between these factors and the crop. 
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Haude and Moese (according to Landsberg, 1958), for instance, developed 
an agricultural climatic index based on temperature and the effectiveness 
and variability of precipitation. Many different approaches, however, 
have been adopted in the attempts to assess the environment for land use 
purposes . 
Environmental potential index (EPI): A numerial index 
reflecting environmental potential, even if solely in terms of the 
elements of climate, can be of considerable value in planning agricultural 
development. With this in mind, Scotney and de Jager (1969), developed 
an environmental potential index (EPI) for general use. Development of 
the index was based on climatic data of some 30 stations throughout Natal 
and Transkei. 
Although details of the method and prpcedure adopted in developing 
and testing the EPI are not given here it can be noted that the variables 
included a moisture factor based on potential evapotranspiration 
(Thornthwaite, 1948), a heat factor comprising yearly heat units, and 
a rainfall variability factor calculated from the coefficient of variation 
of annual rainfall. An arbitrary scale of 0 to 5 was used where 0 
represented the most favourable and 5 the most unfavourable conditions 
for rainfed crop production. 
The EPI which assumes a linear relationship between environmental 
potential and the selected variables was calculated using the equation: 
EPI = 3. 388lr"250 -5a~-PE)]+ 0 [ H J [c - 15J 2.4 1 1 - 6000] + 0.367 l 15 J 
(6) 
where, EPI is the environmental potential index, R the mean annual 
rainfall, PE the potential evapotranspiration, H the yearly heat units 
and C, the coefficienct of annual rainfall (Scotney & de Jager, 1969). 
In order to characterize the most important climatic sub-regions 
in terms of environmental potential, EPI values were calculated for a 
number of representative stations, including Estcourt and Weenen. The 
results are presented in Table 45. 












Environmental potential indices (EPI) for 














t data unavailable 
* unofficial temperature data used 
favourable climatic conditions for crop production and the Thornveld 
(sub-region 8) the most unfavourable. Although tthe EPI values for 
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Nottingham Road and Cedara are very similar the chief factors contri-
buting to the respective indices are .not the same. It is of interest 
that the value for Howick, also representing sub-region 4, was 2.12. A 
general value of approximately 2.0 for sub-region 4 is thus a realistic 
assessment. 
As a general guide to the assessed potential of the climatic 
sub-regions, five potential ratingl classes were established, each · . , 
corresponding to a range of EPI values. Because of the limited number 
of stations for which EPI values could be calculated, some climatic 
sub-regions had to be assessed on a subjective basis. Since the five-
point scale tends to oversimplify a wide range in climatic conditions 
it will be noted that, in some instances, the representative stations do 
not fit the rating classes exactly. General ratings of each climatic 
sub-region, together with the recommended intensity of use for each 
class, · is shown in Table 46. 
It now remains for environmental potential to be related to 
agricultural production. Scotney and de Jager (1969) achieved this by 
presenting potential yields of several widely grown crops (rainfed) for 
each of the rating classes. The relationship is shown in Table 47. 
Table 46 Potential rating classes of climatic sub~regions in 
the Howick Extension Area 
Po t ent i al rating classes Climatic Intensity of 
sub-regions land-use I Class EPI value I . 
1 - Ver y high 0 - 0.9 2 Very intensive I I 
2 - Hi gh 1 - 1.9 1,3,4 Intensive 
3 - Moderate 2 - 2. 9 5,6 Semi-intensive I 
4 - Low 3 - 3.9 7 Extensive , 
5 - Very l ow 4 - 4.9 1 
8 Very ,extensive i 
I 
Table 47 Relationship between environmental potential and the 
estimated yield of selected crops in the Howick 
Extension Area (Scotney & de Jager, 1969) 
Selected crops Potential rating class 
(rainfed) 1 2 3 4 5 
Maize 
> 25 20-25 15-20 < 15 -(bags/acre) 
Potatoes > 200 150-200 100-150 50-100 -(bags/acre) 
Eraqrosti s curvula 
(ton/acre/annum) > 4 
3-4 2-3 1-2 -
Wattle (ton/acre) 
1) Bark > 10 8-10 5-8 < 6 -







I Natural veld 
(acre/m/u) < 
4 4-5 5-8 6-10 10-12 j 
J 
The indicated yields are related to an ~assumed ~ood average' level 
of managemen t and are generally conservative. A rating class of 3 or 
bet t er i s needed for the economi~ production of most crops under rainfed 
condi t i ons . A class of 2 or better is required for the production of 
timber on a commercial scale . 
(ii) Concept of ecological optimum: A somewhat different but sound 
app r oach was developed by Klages (cited by Wilsie, 1962). Considering 
the whole r ange of adaption of a given crop, it is assumed that there are 
ar eas t hat give consistently high yields with low variability from year 
to year. In s imple terms, the 'crop is in harmony with the environment . 
With th e lack of sufficient yield data this concept could not be 
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applied specifically to the Area. However, data presented by Scotney 
and de Jager (1969), indicate areas of 'ecological optimum' for maize in 
Natal. Ten year (1951-1960) average yields of maize and the co-
efficients of variation were calculated for 14 magisterial districts. 
The results, together with the EPI values for selected stations, are 
summarized in Table 48. 
Table 48 Average yields of maize for selected magisterial districts 
and their relation to computed EPI values (Scotney & de 
Jager, 1969) 
Magisterial . I Average maize Coefficient Computed 
I yield 1951-1960 of variation EPI district I 
I (baqs/morqen) % value j 




New Hanover 12.50 8.24 1.81 
Umvoti . 11.96 15.81 1.32 
! Lions River 11.% 13.50 1.87 
Ixopo 11.93 17.15 1.98 
8ergvi11e 10.72 16.95 * 
Pietermaritzburg 10.29 8.94 1.81 
Estcourt 9.29 13.48 3.01 
Paulpietersburg 7.02 16.08 2.32 
Dundee 6.74 13.22 2.22 
Matatiele 6.63 13.42 3lLJ Mt. Currie 6.42 13.19 2.82 Vryheid 6.40 12.45 2.27 
Umtata t 6.27 23.71 4.02 
\ , 
EPI data not available 
t Acreage reaped less than 2,000 acres 
Despite limitations arising from the variation in climate within a 
single magisterial district the concept of ecological optimum is well 
illustrated by Table 48. The districts generally fall into two broad 
groups, one associated with high potential (rating class 2), the other 
with moderate potential (rating class 3). The relative position of the 
Lions River and Estcourt districts should be noted . On the basis of this 
concept it is reasonable to conclude that the potential of most of the 
Area for maize production is high, or at least, moderate. The assessment 
_ should, of course, be refined by the introduction of a soil factor. 
2) Indicator siqnificance of vegetation 
A climax community provides the ultimate biotic expression of the 
potentialities of the environment (Phillips, 1959). On this basis, the 
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indicator significance of vegetation has been used by many to assess the 
suitabi lity and potential of land for agriculture. Communities are 
generally more reliable than single species. As an example, Graham 
(1944) suggested that "land once forested proves best for growing trees 
while the cultivation of cereal grasses is most profitable in regions 
once occupied by native grasslands". Albrecht (1940) was of the opinion 
that vegetation reflected the degree of soil development. Its record, 
when properly read, ought to be an excellent help in land classifications 
as premised in soil productivity. Much of the value of indicators lies 
in a detailed analysis of all the facts and the acute and synoptic 
interpretation of them (Phillips, 1966). 
The principle of indicator significance was adopted by Pentz 
(1949) in his widely acclaimed agro-ecological survey of Natal and was 
also used by Edwards (1963). Most studies of this nature lay emphasis 
on the presence of species since, according to 8ellings (cited by Wilsie, 
1962), it is dangerous to evaluate an environment on the absence of 
species. Despite this, the writer made note of the absence of Acacia 
sieberiana in distinguishing between certain of the ecotonal grassland. 
Single plants, however, are valuable as indicators of environmental 
conditions and land quality if they are carefully interpreted. Woods 
and Moll (1967), for instance, used multivariate techniques to show how 
the frequency of certain species could be used to deliminate different . 
grasslands and to expose the effects of major environmental factors. 
Tingle (1966) suggested that the heavy growth of Paspalum dilatatum and 
Phragmites communis were indicative of good sites for Poplus deltoides . 
Aristida junciformis, Cyprerus sp. and Helichrysum sp. were considered 
indicators of poor sites. 
Management has a profound influence on the composition, structure 
and development of plant communities. The secondary nature of much of 
the vegetation in the Area verifies these changes. For this reason, 
Jacks (1946) favoured soil as an indicator of land quality in preference 
to vegetation. With these principles in mind the indicator significance 
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of the defined vegetation types is summarized. 
(i) Forests and moist grasslands: The presence of climax forest 
vegetation within the Highland Sourveld suggests a high potential for 
intensive agriculture. However, the short, floristically poor forests 
and the characteristic nature of the grassland indicate low temperatures 
and severe winters. Thus, the season for optimum growth is short and 
the choice of crop, pasture and tree species is restricted. Although a 
suitability for afforestation is indicated, only the hardier species can 
be recommended. Obviously, pastures comprising temperate species should 
play a major role in the development of this Area. Although the natural 
grass sward is 'sour' it provides excellent quality grazing for 4 to 5 
months during summer. 
The tall, floristically rich Podocarpus forests of the Midlands 
Mistbelt indicate a very high potential for intensive use. No other 
farming line would be more suited, ecologically, than afforestation. 
However, the long term effects on water supplies, and the need for 
rational selection of land, together with economics, are important 
considerations for making land use decisions. The vegetation indicates 
the suitability of the Area for a very wide range of plants including 
crops such as tea, pyrethrum, Phormium tenax and the pecan (Phillips, 
1964). The spring growth of grasses and forbs following the rise in 
soil temperatures, is 3 to 4 weeks earlier than that of the Highland 
Sourveld. Not only is the overall growth potential higher but manage-
ment practices such as veld burning are also affected. Although the 
grassland provides suitable grazing for 5 to 6 months, much will depend 
on the conditions of the sward. Its value is reduced considerably where 
Aristida junciformis has become dominant. 
(ii) Ecotonal grasslands: By virtue of their mixed composition the 
ecotonal grasslands indicate a variable potential determined by the 
severity of moisture deficiency and temperature conditions. Because of 
the 'sweeter' nature of the grassland semi-intensive systems of farming 
are indicated. Grassland transitional to the Midlands Mistbelt with its 
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apparent scrub-forest climax community, indicates a high potential. 
The slightly lower effective rainfall is a limitation of importance to 
forestry projects in these parts. On the other hand, the cool, dry 
ecotonal grasslands reflect moisture deficiency, low temperatures and 
unfavourable soil characteristics such as shallow depth. Consequently, 
a moderate potential for intensive agriculture is indicated. The 
relatively low basal cover and unfavourable soil features point to a 
moderately high erosion hazard. 
(iii) Tall Grass Veld: The Tall Grass Veld, characterized by a late 
season aspect of Hyparrhenia hirta and the presence of Acacia sieberiana, 
is indicative of 'distinct periods of moisture deficiency and warm 
conditions. Since the rainfall is low and erratic, and the soils 
generally erodible, the agricultural potential is rated as moderate to 
low. The tall nature of the sward suggests a preference for cattle 
farming although Phillips (1964) claimed that sheep may do more good than 
harm provided all tenets of pastoral management are rigidly applied. The 
natural sward provides palatable grazing for as much as 9 months of the 
year but is frequently overgrazed and less productive. The predominance 
of other Acacia spp. within this vegetation type indicates over-
exploitation and abuse. In many instances they are associated with 
highly erodible soils (e.g. ESTCOURT series) and a low basal plant cover. 
The moist Tall Grass Veld of the Merrivale valley indicates a 
moderate potential and a suitability for semi-intensive farming systems. 
However, the moisture conditions and favourable topography allow a greater 
degree of intensification than is normally to be expected. 
The dry Tall Grass Veld indicates a low potential for intensive 
agriculture. It is best suited to semi-intensive or extensive systems 
of farming since crop production is generally hazardous. The high 
erosion hazard of most soils demands rigid application of conservation 
practices and the rational selection of soils for arable use. 
(iv) Valley vegetation (Thornveld): The valley vegetation indicates 
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serious limitations imposed by acute moisture deficiency. Because of 
thi s , the agricultural potential is low. Except for small areas under 
irrigation, agricultural production is dependent almost entirely on the 
natural vegetation. Fortunately, the majority of grass species remain 
pala table throughout the year. Extensive systems of farming, based on 
cattle ranching,are thus indicated. The secondary nature of much of the 
vegetation and the severe encroahment of Acacia karroo-A.nilotica 
communities reflect the severe deterioration that has taken place. They 
also reflect an abundance of claypan, margalitic and calcareous soils, 
many of which have been seriously eroded. In most instance, the object 
of agricultural planning should include the needs for reclamation. 
3) Influence of physiography 
Physiographic features have a profound influence on the 
agricultural potential of an area. Jacks (1946) listed topography as 
one of the important physical land characteristics significant in plant 
production. McCrystal (1963) used physiographic features as the basis 
for a physical classification of land in the Umgeni catchment. 
Generally, the importance of topography lies in the extent to which it 
permits intensification through regular arable use. At the farm level, 
features of mechanization, cropping programme and conservation practice 
are all directly related to characteristics of slope. From a 
conservation point of view, the .principle effect of slope is to influence 
water movement. 
Approximately 55 percent of the Area has slopes exceeding 15 per-
cent and is thus non-arable. Slopes exceeding this limit restrict 
land use to pasture production, forestry or the natural veld . In the 
humid parts, however, limited cropping may be permitted provided very 
intensive conservation practices are applied. In 75 percent of the 
Lions River district slopes exceed 8 percent although the variation 
between landscape groups is considerable. In the Highland Sourveld, the 
older land surface gives rise to a large area of gently sloping land 
which is suited to intensive crop production. Along the 'main divide', 
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and to the west , steep slopes predominate. A hilly topography 
characterizes the Midlands Mistbelt where less than 20 percent of the 
area has slopes under 8 percent. In such areas, afforestation should 
be restricted to the steeper sites, since the small areas of favourable 
topography have exceptionally high potential for arable use. Undulating 
topography characterizes the ecotonal grasslands and, although it favours 
arable use, the low rainfall and poor edaphic features reduce the 
potential for intensive agriculture. The topography of the Thornveld 
areas is mostly steep and broken and, together with other natural 
limitations, renders this area unsuited to arable use. 
5.3 Definition of ecological areas 
Definition of ecological areas serves to crystallize the many 
interrelations already discussed. In effect, they summarize the 
information on natural characteristics and form the basis for the 
important task of classifying land according to its use-capabilities. 
They are used to discuss the potential, limitations and prospects of 
the Area in Chapter 6. Definition of the areas relies heavily on the 
survey and study of the natural features, especially climate and soils. 
The boundaries were established by inspection of soil profiles and plant 
communities. Soil data proved particularly effective where transition 
was so gradual as to prevent precise delineation. In such i nstances 
B-horizon samples were used to establish the degree of leaching. The 
defined ecological areas are listed and briefly described and are shown 
on Map 7. For the sake of simplicity they are assembled i nto three 
main groups . 
GROUP I 
The outstanding feature common to these ecological areas i s the 
substantial moisture surplus. As a result the upland soils are highly 
leached, of low plant nutrient status and , generally, of low erosion 
hazard . Podocarpus forest is the climax plant community . Two ecologi cal 
areas are recogni zed within this group. Temperature, vegetation type , 
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altitude and some soil properties form the basis for their separation. 
Ecologi cal area la: This area is the most extensive and occupies 38 
percent of the Area. It includes almost all land above an altituDe of 
1463m (4,800 ft). The climate coincides with that described for 
climatic sub-region 1. The highly leached upland soils belong to 
major groups A and B with the BALMORAL, FARNINGHAM, HUTTON, GRIFFIN, 
CLEVELAND, CLOVELLY, OATSDALE and MISPAH series dominant. Humic phase 
soils are common. The bottomlands are occupied by Cl-association soils 
of which IVANHOE and KATSPRUIT series are impQrtant. The vegetation 
is typically Highland Sourveld with ~solated patches of mountain 
Podocarpus forest and communities of sub-alpine grassland and Protea 
savanna. Approximately 57 percent of the Area is unfit for intensive 
arable use owing to excessive slopes and/or rockiness. The remainder is 
gently undulating. 
Vegetation, especially the climax forest, is the main criterion 
for delineating the area. Buddleia sal vii folia and Leucosidea sericea 
in -protected areas, are used as index plants. 
Ecological area lb: This area occupies 34 percent of the Area, lies 
between 1066m (3 , 500 ft) and l463m : (4,800 ft) above sea level and extends 
south from the 'main divide'. The generally humid and mild climate 
coincides with that described for climatic sub-region 2. The soils are 
similar to those in area la except that there is a predominance of heavy 
textured soils such as the FARMHILL, Lidgetton and Cranwell series. 
Loamy and sandy soils are confined to the a~ea immediately above the 
Umgeni-Karkloof river gorge where middle Ecca sandstone is exposed. The 
topsoils usually show greater structural development and contain less 
organic matter than those of area lao Stoneliness aDd fossil concretions 
are also commoner and hydromoiphic soils less frequent. Mistbelt 
mixed Podocarpus forest is the climax vegetation and secondary Aristida 
junciformis gtassland the m~in vegetation type. Except for small level , 
areas in the Karkloo~ district, the topography is hilly to steep with as 
much as 63 percent of the area unsuitable for intensive arable use. 
GROUP 2 
Group 2 includes four ecological areas in which the water 
balance has i nfluenced the characteristic features of vegetation and 
soils to a marked degree. There is usually a two-month period of 
moisture deficiency. The interrupted leaching process is reflected 
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in the high base status, presence of ferruginous mottles, concretions 
and hardpans, and a strong structural development of many of the soils. 
Organic carbon content of the topsoil is generally low and most soils 
have a moderate erosion hazard . Ecotonal grasslands and moist 
faciations of the Tall Grass Veld typify the vegetation. 
Ecological area 2a: Ecological area 2a is transitional to the Mid-
lands Mistbelt and surrounds the lower Merrivale valley. It occupies 
9 percent of the Area and lies between 1066m (3,500 ft) and 1219m (4,000 
ft) above sea level. The climate coincides with that of climatic sub-
region 4. The upland soils are considerably leached with the 03-, El-
and Dl-associations occupying 42, 32 and 23 percent of the arable upland 
area respectively. The VIMY, OOVETON, Loskop, NEWPORT and NORMANDIEN 
series are the most widespread. 
Soil features reflecting the slightly restricted leaching process, 
such as the moderate to strong structural development in the AI-horizon 
of the VIMY series, serve as a guide to this area. The occurrence of 
hard plinthite in the 8-horizons of many red soils (e.g. Loskop series) 
is also a feature of special note. The KILLARNEY and Emmaus series 
occupy the hydromorphic bottomlands. The vegetation includes a scrub-
forest climax community and the moist grasslands transitional to the 
Midlands Mistbelt. Elements of both the Midlands Mistbelt and the moist 
Tall Grass Veld vegetation types are to be found. The rare occurrence 
of Acacia sieberiana is also a diagnostic feature for this area. The 
topography is mostly undulating to hilly with 44 percent of the area 
considered unsuitable for intensive arable use. 
Ecological area 2b: This area is confined to the Merrivale basin 
proper and occupies 5 percent of the Area. It lies between 975m 
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(3,200 ft) and 1066m (3,500 ft) above sea level and experiences a 
climate similar to that described for climatic sub-region 6. The 
upland soils are generally moderately leached and are predominated by 
the El-association which covers 52 percent of the arable area. The 
01- and 03~associations occupy 23 and 11 percent respectively. Small 
patches of E5- and E6~association soils also occur. The SHORTLANOS, 
Bellevue, BERGVILLE, ARROCHAR, WINTERTON, ALBANY, WARRICK, KLIPFONTEIN 
and MISPAH series are well represented. Poor drainage, ferruginous 
hardpans and a moderate erosion hazard are notable soil features of the 
upland soils. The KILLARNEY series is the most important bottomland 
soil. The vegetation type is moist Tall Grass Veld with Acacia 
sieberiana sparsely distributed throughout. The topography is gently 
undulating but occasionally hilly. Slightly more than 40 percent is 
considered non-arable. 
Ecological area 2c: This area is perhaps not as clearly defined as the 
others and is transitional in character. It occupies 3 percent of the 
Area and lies between 137lm (4,500 ft) and 1463m (4,800 ft) above sea 
level. The climate coincides with that of climatic sub-region 3. The 
uplands soils are considerably leached and mostly light in texture. The 
El-association is well represented. The Weston, OOVETON, RUSTON, AVALON 
and SOUTHWOLO series are the most important. HI~association soils occupy 
the bottomrands. The vegetation constitutes a dry faciation of the 
Highland Sourveld but is included in the cool, dry ecotonal grasslands. 
The undulating topography favours intensive arable use. 
Ecological area 2d: This area, lying east of Mooi River, occupies 4 
percent of the Area. The altitude is between 1219m (4,000 ft) and 
137lm (4,500 ft) and the climate is similar to that of climatic 
sub~region 5. The upland soils, of which the El-association is most 
widespread, are mostly moderately leached. The Bellevue, Rooikop, 
ARROCHAR, SOUTHWOLO and MISPAH series are the most important although 
small areas of E3- and E5-association soils also occur. Rubble or 
gravel horizons comprising fragments of shale, laterite and fossil wood, 
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together with abundant small fossil iron concretions, are found in many 
profiles. Termite mounds are a characteristic feature of the landscape. 
Bottomlands are fairly extensive and are occupied by the KILLARNEY and 
Matiwane series. 
The cool, dry ecotonal grassland is uniform throughout this area 
and there is a rare occurrence of Leucosidea sericeae. The topography 
is undulating with only 33 percent of the area unfit for arable use on 
this basis. 
GROUP 3 
This group includes the dry, warm areas experiencing a distinct 
period of water deficiency, usually commencing in autumn and lasting for 
5 to 7 months. The most important single criterion separating these 
areas from Group 2 is the presence of claypan and margalitic soils. 
Most soils are associated with a high erosion hazard. 
Ecological area 3a: This area comprises 5 percent of the Area and lies 
between 1219m (4,000 ft) and 137lm (4,500 ft) above sea level. The 
climate is similar to that of climatic sub-region 7. The upland soils 
are moderately to slightly leached and are represented by members of the 
Fl-, El, E5- and Dl-associations. The ESTCOURT, SHORTLANDS and Bellevue 
series and the shallow members of the El-association are most important 
soils. Small areas of sandy soils (E3-association) are also found. 
The RENSBURG series occupies most of the bottomlands and in most cases 
has been severely eroded. The vegetation is dry Tall Grass Veld 
in which Acacia sieberiana is common . The grassland shows a marked 
seasonal aspect as a result of the dominance of Themeda triandra, 
Tristachya hispida and Hyparrhenia hirta. Owing to the hilly topography 
and high percentage of erodible soils most of the area is deemed non-
arable. 
Ecological area 3b: Ecological area 3b occupies 4 percent of the Area 
and is confined mainly to the lower reaches of the Mooi river valley. A 
small area occupies the Umgeni gorge. The altitude is between 1066m 
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(3,500 ft) and 12BOm (4,200 ft) and the climate is similar to that of 
climatic sub-region B. The upland soils are generally slightly leached 
and are represented mainly by Fl-association soils which occupy up to 50 
percent of the uplands. The bottomlands occupy as much as 20 percent 
of area 3b. Nearly all of these are severely eroded and comprise the 
ESTCOURT and RENSBURG series. Calcareousness is a feature of many of 
the soils. The vegetation comprises Acacia karroo-A.nilotica thornveld 
and encroachment of these species is a serious problem. The topography 
is hilly to steep , which, together with many rock outcrops, renders over 
50 percent of the area unsuitable for intensification, irrespective of 
climatic limitations. There is ample evidence to indicate that man, 
through injudicious farming practice, has upset the natural equilibrium 
with disastrous results. 
CHAPTER 6 
RECOMMENDATIONS FOR AGRICULTURAL DEVELOPMENT 
WITHIN THE AREA 
The term 'land-use' implies interrelationships between land, 
crops and man (Hills, 1961). Recommendations for land-use planning 
within the Area should, therefore, cover a very wide field including 
long term objectives, economics and a programme for development. 
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However, for the purpose of this discussion the writer has restricted 
himself to those aspects influenced by land characteristics, notably 
soils. It is hoped that the indicated development will ensure the 
allocation of appropriate ecological sites and soils to specific asp~cts 
of agriculture and forestry (Phillips, 1966). 
A number of important principles selected from the literature are 
listed since they are particularly relevant to the discussion (Graham, 
1944; Jacks, 1946; Lewis, 1952; Phillips, 1959, 1966; Hills, 1961). 
These include: 
1) the utilization of land for its greatest value; with the best use 
for each 'parcel' of land being determined by its potential for 
long-time productiveness; 
2) the necessity for intimate knowledge of all land characteristics 
and ecological interrelationships; 
3) the development of a classification of land in accordance with 
its capacity to produce which may serve as a basis for presenting 
procedures for each 'parcel'; 
4) the initial exclusion of man and his changing economics as 
criterion in land characterization; 
5) the amount of land required for producing food (this is of prime 
concern in planning for development since it is expedient for any 
nation to set aside sufficient land for this purpose; 
6) the need for recommended use to be optimum in the light of 
existing knowledge and the labelling of recommendations based on 
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value judgements as 'speculative'; 
7) a dynamic land-use plan cHanges as it progresses; 
8) a desire for people to solve community problems and their active 
participation in the execution of the plan should be established; 
and 
9) the consideration of the land-use plan at national and local 
level and, in the same way, relating individual farm plans to a 
master plan for a particular area. 
6.1 Selected criteria applicable to the study of agricultural 
development 
Many failures of projects in Africa have been caused by lack of 
formulation and definition of criteria known to be important in the 
examination of regions and propositions for development. A number of 
these have been selected from a comprehensive list presented by Phillips 
(1966) for consideration in determining a master plan for each ecological 
area. A brief account of each is given. 
(i) Holistic conception and study of the Area: A synoptic 
investigation of the biological, economic and human phenomena of the 
Area was made in order to meet the requirement of complete examination. 
Although a general account of many of the relevant factors of the 
physical environment has been given, exhaustive study in some fields was 
prevented by the lack of reliable data. Nevertheless, careful 
consideration has been given to the siting of the Area and its relation-
ship to other propositions and regions, viz., the Tugela Basin and the 
Umgeni catchment, in considering its development. 
(ii) Precise formulation of objectives: In this case clear definition 
of the objectives is made difficult by the general nature of the _ 
land-use plan. Varied potentialities of land within an area and the 
many possible ~venues for development inevitably leads to a lack of 
precision. The overall objective is, however, to promote optimum 
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exploitation of the available potential that is not only economically 
sound, but which results in the maximum conservation of all the natural 
resources. 
(iii) Natural and economic setting: The Area has considerable economic 
potential in view of its setting. The Tugela Basin with its prospects 
for immense industrial development lies immediately north. The Durban 
- Pietermaritzburg metropolitan complex, with its economic influence, 
adjoins the southern boundary. In general, the Area is very favourably 
situated in relation to declared growth points. 
(iv) Adequate preparatory and continuing investigations: 
(a) Save for certain climatological and hydrological data the 
physical features have been carefully studied and reported. Hydro-
electric power is of little consequence in the Area and has not been 
seriously considered. The physical infrastructure is particularly 
favourable and existing road and rail facilities provide adequate 
communication wi th the markets . There are, however, certain areas of 
high agricultural potential which cannot be intensively farmed until 
communications are improved viz., areas near Impendhle, Kamberg, Fort 
Nottingham, Karkloof and Curry's Post. 
(b) Many of the biological features listed by Phillips have 
also been discussed. Howeve~ recommendations made for certain crops have 
relied on value judgements and as such are speculative . The favourable 
state of mechanization , high standard of the livestock industry and 
efficient diseases and pest control suggest progressiveness amongst the 
farming community . Public health does not warrant special mention in 
this study. However, with regard to the Midmar dam, reference is made 
to the potential danger of schistosomiasis and pollution because of the 
siting of a Bantu location within the catchment area. 
(c) Of the human features, the existence of several small 
communities is worthy of note (e.g . Karkloof, Dargle, Nottingham Road, 
etc.). The importance of these lies in their influence on any extension 
programme formulated for the Area. The existence of farmers 
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associ ations, study groups and co-operatives is , however, evidence of 
the wi llingness of the farmers to work together and, to some extent, 
indicates t he acceptance of the 'self help' principle . Considerable 
influx of people into the Howick - Hilton Road area, if not because of 
industrial development then for residential purposes, is anticipated. 
The same applies to the Mooi River area, where much will depend on 
development within the Tugela Basin . 
(d) Study of economic features at farm level was hampered by 
the lack of long term records. Valuable but limited information from 
study group records indicates a wide range in farming efficiency, 
economic advantage from cash cropping and a high degree of indebtedness. 
Limited credit facilities available to farmers, also noted by Phillips, 
has clearly restricted rapid development of the available potential. 
The need for short term loan facilities is thus considerable. Reference 
has already been made to the problem of excessive subdivision of 
agricultural land into uneconomic units. 
(e) The prospective impact of agricultural development in the 
Area upon economy elsewhere in Natal is likely to be considerable, 
particularly within the Umgeni catchment. Favourable conditions of 
labour, water and communications suggest that development of light 
industries will be substantial, although the nearby city of Pieter-
maritzburg is likely to attract the major share of new industries. 
Such development would, however, affect the supply of farm labour and 
influence ruling conditions of employment, including wages. 
Several other criteria listed by Phillips should be considered. 
The Area is fortunate in having the Cedara College of Agriculture 
within its boundaries since the results of local research are directly 
applicable to most of the Midlands Mistbelt and transitional areas. 
However, the remaining ecological areas must rely on research and pilot 
trials conducted elsewhere in Natal. It will also be necessary to 
take into account problems of siltation and pollution as the Area 
develop~ although these are not yet serious. It is also possible that 
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certain practices such as timber production may become obsolete as 
species become unacceptable or economically less valuable. In this 
respect,the writer contends that afforestation in the Area is likely to 
experience radical changes within the foreseeable future. Furthermore, 
agricultural development will be subjected to constant pressure from 
peri-urban settlement, inflated land prices and the subdivision of land 
into uneconomic units. The last-named is soon to be restricted by 
legislation. 
6.2 Use-capability of land within the Area and general recommendations 
Principles of land classification are not discussed here since 
they are dealt with more fully in Chapter 7. Nevertheless, the 
classification or rating of agricultural and forestry land according to 
its capability for assumed use~ provides a ready basis for making 
recommendations. Classifications of this nature indicate the probable 
results of land use in terms of crop productivity (e.g. farm crops, 
forestry and wildlife). The capability of the land to produce living 
organisms of several kinds under different conditions, referred to by 
Hills (1961) as 'biological productivity', is a basic feature of lanq use. 
This principle is important since what is now regarded as the most 
suitable use for the land will change whenever there is a change in 
economic and social conditions. 
Use-capability determinations at a regional level often ignore the 
influence of soil patterns or local topography on land capability. A 
complex soil pattern comprising the AVALON-WASBANK-MISPAH series, for 
example, should result in a general downgrading of capability because of 
the presence of the shallow and poorly drained soils. The same applies 
where local topography is hilly and steep despite all other natural 
features being favourable for intensive agriculture. 
A simple five-point scale of rating is used to indicate the . 
capability of the land for general use and for specific crops. However, 
single class designations are not entirely satisfactory where a wide 
224 
range in capability occurs . Hills (1961) evolved a practical means of 
overcoming this problem that is particularly useful for detailed 
classifications. This course was not followed in classifying land 
within the Area. 
1) Classification of use-capability 
A number of uses were assumed in presenting the use-capability 
classifications for the Area although several of the crops have still 
to prove themselves. The assessments of agricultural potential 
presented in Chapter 5 are particularly relevant to this discussion. 
(i) Use-capabilitY-fQf __ ~~tensive agriculture 
The 'assumed use' in this instance, though somewhat vague, 
implies the capability of the land for intensive systems of farming as 
defined in Chapter 4. Capability is rated in terms of five classes:-
Class 1 (1st rate potential) - land of very high potential for 
intensive agriculture based on the production of a wide range 
of crops. Non-arable land is suitable for afforestation or 
permanent , cultivated pastures. Limitations are few but may 
include the low plant nutrient status of the soils. 
Class 2 (2nd rate potential) - land of high potential for intensive 
agriculture based primarily on arable production. Non-arable 
areas are suitable for afforestation or veld replacement but 
sites require careful selection. Limitations are slight but 
may include unfavourable conditions of climate (temperature 
and moisture), topography and low plant nutrient status of the 
soils. 
Class 3 (3rd rate potential) - land of moderate potential for intensive 
use . Semi-intensive systems of farming based on arable 
production and the natural veld are recommended. Arable areas 
permit a moderate degree of intensification and the natural 
grassland may be reinforced. Limitations are moderate and 
include moisture deficiency and unfavourable physical character-
istics of the soils. 
Class 4 (4th rate potential) - land of low potential for intensive use. 
Semi-intensive systems of farming based mainly on the natural 
veld are recommended. 
supplementary fodder. 
Arable areas are capable of providing 
Limitations are severe and include 
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unfavourable climatic conditions, mainly moisture deficiency and 
poor physical characteristics and high erosion hazard of the 
soils . 
Class 5 (5th rate potential) - land of very low potential for intensive 
use and suitable only for extensive systems of farming based on 
the natural veld. Limitations are very severe and include 
unfavourable conditions of climate (severe moisture deficiency), 
soil characteristics (very high erosion hazard) and topography. 
The use-capability classification for the Area, based on the five-
point rating scale , is presented i n Map 8 (page 232(i) ): . Bounda rie s of each 
class were established by considering the previously defined ecological 
areas. Major l imitations of each class are also indicated on the map. 
(ii) Use-capability for selected field crops and pastures 
Widely grown crops, and those considered to be of potential 
importance, are considered in this classification. Ratings refer 
primarily to production under rainfed conditions and assume the 
application of 'good average' management, the rational selection of 
suitable soils and the application of corrective fertilizer treatment. 
Economic implications resulting from the corrective fertilizer 
treatment of some soils can be considerable. The importance of 
adjusting land-use practice on the basis of individual soils is greatest 
within the drier landscapes. 
Maize: The relative importance of factors such as moisture, temperature 
and radiation in determining yield is of 80nsequence in assessing the 
use-capability of the Area for maize. The problem of determining such 
relationships i n each ecological area without data led to a very general 
assessment of the climatic conditions . Factors that promote optimum 
growth up to the critical flowering period,and provide favourable 
conditions thereafte~ were rated highest. Efficient agronomic practices 
such as correct plant densities were assumed. 
A five-point rating scale ranging from very high (Class 1) to very 
low (Class 5) was applied to each area. These classes are not related 
directly to yield potential but, in general, Classes 1 and 5 are 
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associated with yields of over 25 bags and less than 10 bags per acre 
respectively. The use-capability classification for maize is shown in 
Table 49. 
Table 49 Use-capability classification for 
maize in the Howick Extension Area 
Use-capability Ecological area 
ratinq 
1 - Very high Ib, 2a 
2 - High la 
3 - Moderate 2b, 2c, 2d 
4 - Low 3a 
5 - Very low 3b 
This classification holds only if problems such as Altoxicity 
and P-fixation associated with the soils of areas la and Ib are 
eliminated by corrective treatment. 
Clearly, favourable moisture conditions influenced the classific-
ation. Low temperatures and radiatidn are impottant limitatlona in atea 
la since they retard initial growth. Competition from weeds such as 
watergrass (Cyperus esculentis) and a high moisture content of the grain 
at harvesting are thus important problems in this area. The moisture 
percentage of maize grain 190 days after planting was, in fact, found to 
be as high as 40 percent in a trial conducted by Cuthbert (1962). 
Root Crops: The use-capability classification for root crops is 
essentially similar to that for maize except that Class 1 includes areas 
la and Ib and area 2a is downgraded to Class 2. Area la is upgraded 
because the soils are eminently suited to the production of roots. 
However, the use of modern disease control measures is essential. 
Without these, area Ib would have slight. advantage over area la since 
the earlier planting permitted by the milder climatic conditions would, 
in the case of potatoes, reduce damage by late blight. 
Cultivated pastures: For the purpose of this discussion 'pastures' 
refer to grass-clover swards including exotic species such as Festuca 
~., Lolium spp., Oactylis glomerata and Trifolium repens (ladino 
clover) grown under rainfed conditions. Summer-producing grasses such 
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as Paspalum dilatatum, Eragrostis curvula and Pennisetum clandestinum 
yield best in the humid parts and have a wider range of suitability 
than the former group. 
Use-capability of the Area for these high-producing grass-clover 
swards is essentially similar to that for maize (Table 49) except that 
Class 1 includes only area lb and Class 2 includes areas la and 2a. 
Clover production is limited to capability Classes 1 and 2 since 
elsewhere moisture deficiencies are too severe for successful production 
under rainfed conditions. In all other ecological areas supplementary 
irrigation is a prerequisite for successful clover production. 
Lucerne: At this stage lucerne is regarded as 'unproven' for the 
Area. However, its future in those areas predominated by partially 
leached soils, especially 01- and El-association soils, is viewed with 
optimism. In considering the capability of the Area for the production 
of lUcerne (rainfed) rating classes are not used since areas la and lb 
are, for the time being, excluded from the assessment owing to the 
problems of curing and soil fertility. In these areas the production 
of clover is more attractive and best suited to the existing lines of 
farming. Ecological areas 2b, 2c and 2d are, however, considered most 
favourable. Selected sites in areas 3a and 3b may also be suitable 
although moisture deficiency is a serious limitation. Nevertheless, 
the potential for irrigated lucerne in these parts is very high. 
Horticultural crops: These include both deciduous fruits and 
vegetables. On the whole, the use-capability of the Area for 
deciduous fruits is low since hazards of early and late frosts, hail, 
high humidity, diseases and pests prevent large-scale commercial 
production. Fruit culture is thus unlikely to offer serious competition 
to the main fruit growing areas, although production for home use is 
worthwhile. Nevertheless, ecological area lb offers the best possibil-
ities for the production of fruit. In this area the culture of plums 
(e.g. Santa Rosa and Methley~ for local markets and canning, is feasible . 
'Unproven' crops such as avocados, berries and tea may also prove 
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successful on frost-free sites. 
The close proximity of suitable markets provides an incentive 
for vegetable production in most ecological areas. Irrigation is, 
however, essential for optimum production. With the exception of area 
3b, production is confined mainly to the summer months. The development 
of effective disease and pest control measures permits the production of 
many vegetables, including tomatoes. Ecological area lb is considered to 
be the most suitable for general purposes although the capability of area 
3b for intensive year-round vegetable production under irrigation is 
highest. The establishment of a local processing plant would do much to 
stimulate interest in vegetable production but more would have to be done 
by way of extension and credit facilities to the farmer. 
(iii) Use-capability for timber 
The capability of much of the Area for the production of many 
timber products is high. Land bearing forest growth or which shows 
evidence of past forest occupancy, indicates "a high suitability for 
timber. Consideration must, however, be given to those factors that 
1) determine the use and quality of the products and 2) to those 
affecting the establishment, management and harvesting of the plantations 
(Hills, 1961). It is necessary, therefore, to evaluate combinations of 
all significant physiographic features. Criteria for determining 
use-capability for timber may, in fact, be very different from those for 
field crops. A gener~l use-capability rating for timber, using the 
previously defined five-point scale, is presented in Table 50. The 
classification is identical to that for cultivated pastures. 
fable 50 Use-capability for timber in the Howick Extension Area 
Land capability class Ecological area 
1 - Very high lb 
2 - High la, 2a 
3 - Moderate 2b, 2c, 2d 
4 - Low 3a 
5 - Very low 3b 
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Commercial projects should be confined to Classes 1 and 2, 
although even in these areas further investigation of site quality is 
necessary. Ecological area Ib is particularly suitable for wattle, 
pine and gum species and may yield timber products of many kinds. 
Second quality sites are common in areas la and 2a. In the former 
area, low temperatures restrict the choice of species to Pinus spp. 
Moisture deficiency and unfavourable soil conditions in the remaining 
areas prevent production for ~ommercial purposes. Hardier species of 
pine and gum can, however, be grown for farm woodlots or firewood but 
the rate of growth is slow. 
NOTE: Use-capability of the Area for Populus deltoides deserves 
special mention since it can be grown on all bottomlands. According 
to Tingle (1966, 1968) the future prospects and demand for match poplar 
are good and the climate of the Midlands Mistbelt is particularly 
favourable. It is important, however, to consider the fastidious soil 
requirements. Broadfoot (1960) developed two field methods for 
evaluating the tree-growing (poplar) potential of sites. The first 
requires identification of physical soil criteria, including texture, 
internal drainage and "inherent moisture condit~ns, which are then related 
to tree height. The second is based on identification of the soil 
series and local phases for which growth potential (site index) has 
already been established. Site selection has also been discussed in 
considerable detail by Peace (1952), McKnight (1962) and Tingle (1966). 
According to McKnight poplar grows best in well-drained, moist soils of 
medium texture and containing sufficient montmorillinite to cause deep 
fissuring. Soil pH is also important. Peace (1952) put the lower 
limit for satisfactory growth at pH 5.0 while the average value for 
sites in Natal was found to be approximately pH 6.5 (Tingle, 1966). 
Site selection thus depends on the careful investigation of soils. In 
most bottomlands these occur in complex patterns. 
The well-drained alluvial soils appear to be eminently suited to 
poplar although growth will be slowest in ecological area lao The 
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sandy, alluvial strips in area 3b are also suitable but in this case 
the depth to the water table should not exceed six feet . Flood waters 
trapped in ibackswamp ' areas of the alluvial strips should be removed 
by breaching the levee if it can be done safely (Tingle, 1966). 
The neutral to alkaline HI-association soils in areas 2a, 2b, 2c 
and 2d are the best of the 'vlei' soils for poplar provided drainage, 
at least within the top two feet, is adequate. Surface drainage 
techniques (e . g. ridge and furrow) and deep tillage are thus considered 
beneficial for poplar production on these soils. Consideration should 
also be given to underground drainage where the soil texture is 
favourable (e.g . mole drainage) . 
Tingle (1966) advocated a thinning regime that ,would promote the 
establishment of a protective cover beneath the trees, since he had 
found soils with the top layer removed by erosion unsuitable for poplar. 
According to van Laar and Tingle (1965) the financial optimum for 
poplar production on 'best sites' is reached at 13 to 14 years of age. 
(iv) Use-capability for wildlife 
The need for this classification was stressed by Graham (1944) 
who stated that it was no more desirable to expend primary effort 
raising wildlife on land best adapted to maize, . than it was profitable 
growing maize on poor land suited to wildlife. All biologically 
productive land is, however, suitable for wildlife even if the main use 
is agriculture or forestry. 
Capability classifications at the farm level will invariably 
reveal areas unsuitable for any form of use other than for wildlife 
(Chapter 7). These , usually small areas,generally provide the 
necessary cover for various forms of wildlife. They are areas that 
can often be improved and made into suitable habitat elements with 
little effort. More favourable classes of land, though primarily 
sui ted to production, provide another important factor, food. 
In this respec~ the writer records an apparent increase in birdlife, 
notably water fowl, in parts of ecological area la, that he attributes 
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to the increased cultivation within this area. Recent interest in 
cereal crops and construction of many dams for both irrigation and 
recreation provide the necessary food and habitat for this birdlife • . 
For these reasons, attempts to establish 'refuge' or 'sanctuary' areas 
should be considered in conjunction with the use of all adjoining land. 
Use-capability ratings for wildlife constitute ratings of the 
potential of the land to produce a variety of vegetative cover types. 
Actual production of wildlife depends upon the degree to which it is 
able to utilize that potential (Hills, 1961). The potential of the 
ecological areas to produce wildlife as a primary crop differs markedly 
from one area to another. Using the five-point scale of rating 
previously employed, and relying entirely on value judgemen~ the use-
capability of the Area for wildlife was considered. The results are 
identical to those for timber viz., highest and lowest capability is to 
be found in areas Ib and 3b respectively. However, the assessment 
would be different if the purpose was to be limited to fa~ing with game 
species. 
Since much of the Area is suitable for intensive or semi-
intensive agriculture there is little likelihood that 'game farming' 
animals will become important. Emphasis should rather be placed on 
'farm game' species which, together with game birds, could be integrated 
with other land-use practices. Thorough investigations and much 
research is required to establish precise criteria for determining the 
use-capability of the Area for wildlife and to establish the management 
needs. Study of the influence of land-use practice on wildlife habitats 
and, in turn, on the species, would do much to assist the planner. 
Many capability studies attempt to classify fresh-water bodies 
for the production of fish. Although no attempt is made to treat this 
separately fish production, primarily for recreatio~ plays a significant 
role throughout the Area and is likely to remain an important aspect of 
wildlife conservation. In this respect ecological areas la and Ib 
appear to have most to offer. , 
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(v) Use-cap-ability 'for recreation 
According to Hills (1961), recreation is the pleasurable and 
constructive expenditure of leisure time and includes all rural out-of-
door, land-based activities that revitalize the body and mind. Its 
definition should be narrowed to those activities that are dependent 
upon physiographic and ecological characteristics of land. Recreational 
activity does not, however, always involve harvesting a crop (game or 
fish), sometimes it is merely the obtaining of sensory impressions. The 
latter was referred to by Hills as 'copping'. There are many 
complexities in rating the capability of land for recreation but, in 
doing so, value jUdgements of its 'copping' value should be made and 
these superimposed upon the value of the crops harvested by recreational 
activity. 
The close proximity of the densely populated Durban -
Pietermaritzburg complex places a heavy demand on the Area to provide 
recreational facilities. In rating the use-capability for this purpose, 
a similar basis to the previous assessments is used, though the criteria 
are very different. Ecological areas are again of special value since 
they are largely determined by climate which, in turn, contributes much 
to the suitability of an area for recreation. 
Contrast and uniqueness of the landscape are important criteria. 
Landscapes with contrasting features Jsually have the highest 
recreational value. Furthermore, biological productivity is related 
to activities such as hunting and fishing since 'richer' habitats 
provide an abundance of interesting fauna and flora. Points of interest 
that can be reached in a one-day return trip are particularly valuable 
for recreational purposes (Hills, 1961). 
The use-capability of the Area as a whole is high. In assessing 
individual ecological areas,natural features such as waterfalls 
forests, and existing man-made features ,(e.g. the Midmar dam) are 
also taken into account. On the five-point scale, ecological area 2b 
is rated very high (Class 1) since it has a focal centre (Midmar dam) and 
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an attractive hinterland . Area lb ' is placed in Class 2 since it is an 
area of high contrasts, much available space, many points of interest 
and high biological productivity. Areas la and 2a are grouped in Class 
3 although the former is perhaps excessively downgraded. Class 4 
includes area 3b and areas 2c, 2d and 3a are rated very low (Class 5). 
Several sites are chosen as being suitable as 'sanctuary' or 
'refuge' areas for recreation or wildlife or both. However, with the 
exception of the Midmar dam area and the forestry ~eserve at Fort 
Nottingham, all the land is privately owned. These areas, which could 
be deveioped and used in a n8mber of aiternative ways, are shown on Map 9. 
Other smaller areas, including various wat~falls, are not shown but are 
also of co~siderable value for ie6~eational purposes viz.~ falis on the 
Umgeni river in the Dargle area, Shelter falls in the Karkloof, falls at 
Lidgetton and the falls .00 the Mooi river at Inchbrakie and Harlestone. 
2) Recommended development of land within the Area 
Use-capability classifications are not necessarily recommendations 
for land -use. Many other principles and objectives -shouId be considered 
in making such recommendations. Chief among these is that the 
recommendations should indicate uses that offer the best opportunities. 
The aim should also be to ensure production of essential goods and 
services on a high and sustained level. Recommended use classes should 
specify those uses, selected from the gamut of potential uses, that will 
meet the economic and social needs of the community. In defining these 
classes, therefore, consideration should be given to the ·natural and 
cultural characteristics of the Area and its relation to the entire 
economic region. Use-recommendations must ensure that the farmer can 
earn a living and accumulate capital. An indication should also be 
given of the intensity of use including 1) the comparative degree of 
development of different land· uses in the area, and 2) the relative 
degree of intensity of the same land ·use on different areas (Lewis, 1952; 
Hills, 1961). 
Bearing these objects in mind an attempt was made to classify the 
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Area in terms of recommended use. The classification is intended to 
serve as a multiple or master plan, and guide for detailed land-use 
planning. All natural and economic features of the Area are considered 
and the ecological areas again provide the basis for the classification. 
Minor variations within the areas are neglected. For example, soil 
differences that influence recommended use are best treated at the farm 
level. Recommendations for afforestation assume the rational selection 
of land thus leaving arable classes available for crop production and 
vital water resources unaffected. 
An indication is given of the main lines of farming that will 
provide the chief source of income. Alternative types of farming within 
these lines are also presented to indicate the permissible intensity of 
land ,use. For this purpose, the types are arranged in special order 
starting with the most intensive form of land ,use. An indication is 
also given of the lines that are to play a subsidiary role in the farming 
enterprize. With these, too, the degree of intensity is indicated. 
Minor subsidiary lines such as pigs, poultry or the rearing of stud 
animals are not included in the classification. Although irrigation 
farming is one of the alternative main lines, the practice of supplement-
ary irrigation is recommended throughout the Area wherever soil, water 
and economic conditions are favourable. Best responses to irrigation 
can, however, be expected in ecological area 3b although the extent of 
suitable soils is limited. A limited amount of low-intensity dairying 
is prescribed for areas 3a and 3b which is in conflict with ecological 
principles. This recommendation is made in view of the availab~ 
transport faciliti8s and possibilities for intensification with 
irrigation. In this instance, a realistic approach has been favoured. 
Map 9 shows the recommended use-classification and reflects how 
alternative uses are integrated in the multi-use plan for each ecological 
area. In the fraction used the numerator and denominator represent the 
main anp subsidiary lines respectively. The order, from left to right , 
indicates "the relative importance attached to each use. Numbers in the 
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i ndex positi on indicate the relative degree of intensity of each main or 
subsi diary line in each ecological area . The Area is also classified 
1nt o intensi ve, semi~intensive and extensive farmi ng regions as defined 
by Pentz (1949). 
6.3 Summary of the agricultural potential. limitations and prospects 
of defined ecological areas 
In this discussion an evaluation of the potential, the main 
limitations confronting agricultural development and the general 
prospects of each area is given. An outline of the recommended master 
plan for each area and the most important issues to be considered in 
drawing up an extension programme for each area is also presented. 
The potential for intensive agricultural production is high. An 
era of considerable intensification is anticipated demanding that greater 
attention be paid to conservation. The master plan envisages intensive 
livestock production on high quality pasturage as the main line, to be 
supported by limited cash cropping and fodder production. Timber 
provides an alternative form of use on non-arable land . Economic 
considerations, topography and communications will determine the final 
choice of enterprizes. 
The production of fresh mil~ supported by cash crops, fat lamb 
and pigs is seen as the most favourable combination for the area 
surrounding Nottingham Road up to a radius of at least 8 to 10 miles. 
The breeding of beef and the production of mutton and wool off the 
natural veld in summer is advocated for the more rugged terrain. At 
present,wool production is not highly remunerative but the scope for 
this type of farming is considerable. The Hereford, Sussex and 
Aberdeen Angus are likely to remain the chief beef breeds while for 
sheep, the Corriedale, pure or crossed with Down breeds, will probably 
remain popular for some time. There is, however, little demand for 
236 
their wool . The Merino and similar fine-woolled breeds could become 
important i f the economic situation improves. 
The basis to the recommended cropping system is semi-permanent, 
high-quality pastures of exotic grass and clover species. The need 
in this area is for high quality grazing, adequate fodder for winter 
and a limited amount of cash cropping. Grasses such as ryegrass, 
cocksfoot and fescue, alone or with ladino clover will provide high 
quality grazing if correctly managed. Kikuyu and E.curvula (for hay) 
produce well in summer. A rotation of E.curvula and potatoes (seed and 
table) is considered well-suited to the area, since respective yields of 
up to 10 tons of hay and 300 bags per acre for these crops are not unduly 
op t i mi sti c . Gras s-clover pastures and maize can also be conveniently 
rotated. However in view of the short growing season and the problems 
rel ated t o soil fertility , large-scale maize production canno t 
be strongly recommended. Detailed studies of growth and new varieties 
could alter this, since already yields of over 40 bags per acre have been 
achieved under experimental conditions. Japanese millet and radish 
together with rape are suitable as supplementary winter feeds. Wheat 
has been grown fairly successfully in the area but until the problems 
of soil fertility, diseases, varieties, grass weeds and the harvesting 
and drying techniques are overcome it is unlikely to become important, 
at least on the smaller farms. In addition to potatoes, vegetable 
crops such as cabbages and peas may be extensively grown especially 
with the recent interest in the freeze-drying process. Supplementary 
sprinkler irrigation for pasture and winter fodder is l i kely to 
increase considerably. 
Afforestation is recommended for selected non-arable sites 
although the profitability will be influenced by extraction and transport 
costs. Pinus patula and Pinus taeda are suitable species, the latter 
being more resistant to infection by Diplodea pinea following hail 
damage (Hubbard, 1965). 
The natural veld, although it provides excellent grazing in summer 
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for cattle and sheep (at a carrying capacity of 1.5 to 2 acres/mlu for ' 
the grazing period) faces widespread replacement or reinforcement 
(sod-seeding) by pastures and/or afforestation. Current problems 
include those associated with early burning and poor grazing management. 
On the northern slopes along the'main divide' there are signs of much 
soil loss . Phillips (1964) has already made a plea for new traditions 
of pastoral management within the Highland Sourvead areas. 
The potential of the area for recreation and wildlife, especially 
fish culture, is high. Several sites considered suitable for refuge 
areas or sanctuaries have already been noted (Map 9). 
The main limitations are related to soils, climate and topography. 
Morphologically the upland soils are ideal for intensive cultivation 
although the HUTTON, CLEVELAND, OATSDALE and humic phase soils require 
special conservation treatment. The extremely low plant nutrient 
status, aluminium toxicity and severe P-fixation of most soils are 
important hazards with economic implication. The bottomland soils, 
if used at all, require very special treatment (see 6.4) for safe-use. 
Low temperatures and hail are the main climatic limitations while the 
steep and rugged terrain along the 'main divide' and western barrier 
prevent a high degree of agricult~ral intensification. Additional 
limitations include the prevalence of internal parasites and the 
occurrence of poisonous weeds, such as tulip (Moraea spp.), and other 
weeds including the American bramble (Rubus cuneifolius), Athanasia 
acerosa, gorse (Ulex europeaus) and broom (Sarothamnus scoparius). 
Lack of communications in the western sector have, to some extent, 
hindered agricultural development. 
Prospects for livestock production and some cash cropping are 
particularly good since markets in the Durban - Pietermaritzburg complex 
and the Tugela Basin are close to hand. The arable areas can, with 
careful planning, be intensified to a maximum degree and much natural 
veld can be replaced. Complete replacement of the veld within the 
Highland Sourveld was considered by Fisher (1955) to be no figment of the 
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imagination. Fertilization of the veld could also become important. 
Owing to the need for high quality hay and the problems of field curing, 
artificial drying may become widely adopted. 
The extension programme for the area should first strive for 
improved land-use planning and the widespread adoption of modern farming 
practice . 1he provision of high quality farm produced feeds through 
the selection of suitable crops and pastures and the application of 
sound agronomic practices are particularly necessary. The widespread 
adoption of correct lime and fertilizer treatment for each soil series 
should be among the main objectives. Matters pertaining to livestock 
husbandry should include feeding and veterinary aspects. Judicious 
veld and pasture management and the replacement or reinforcement of the 
veld are additional avenues to be considered. Part of the programme 
should ensure the safe-use of the hydromorphic bottomlands. 
2) Ecological area Ib 
This . area has the highest potential for intensification and is 
suited to farming of a very diversified nature. The Karkloof area is 
singled out as having exceptionally high potential. The master plan 
envisages mixed farming based on fresh milk production off high quality 
pastures and afforestation confined to selected sites . Cash crops, 
including vegetables, beef breeding and fattening, fat lamb, pigs and 
poultry are suitable subsidiary lines. 
and tree species can be grown . 
A wide range of crop, pasture 
The arable land should produce maize, potatoes, cabbages ~ 
soyabeans and a wide variety of fodder crops. Temperate grass species, 
similar to those prescribed for area la, and oats are suitable for the 
cool season. In v~ew of the i r high yield potential i n summer, kikuyu , 
Paspalum dilatatum and E . cu~vula are recommended for inclusion in the 
pasture programme. Ladino clover is one of the best all-purpose clovers 
for the area . Rotations should be planned to meet the livestock needs 
and, where possible, should include a cash crop. Some crops, as yet 
'unproven', have shown promise in small trial plantings and could become 
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important. These include tea, pyrethrum and Phormium tenax . Pecans, 
avocados, wheat and cane fruits should also be tested. Vegetable 
production is likely to expand considerably in the near future and there 
is scope for limited production of plums. 
Supplementary irrigation is recommended especially for the 
production of quality fodder for dairy livestock. Highly fertilized 
ryegrass and similar crops are particularly suitable for this purpose. 
The artificial drying of these and other hay grasses, grain and seeds 
of various sorts is likely to receive much attention in the future . 
This area is eminently suited to afforestation . Gum, pine, 
wattle and poplar species can all be grown commercially. Rational 
selection of land for this purpose should, however, receive immediate 
attention. Recommendations for afforestation should be made on the 
basis of individual catchments. Pine could be limited to the steep and/ 
or rocky sites, gum to the steep but ploughable sites and wattle, on a 
limited scale, to selected sites within the Karkloof area . Despite the 
suitab~lity of the area for afforestation the writer suggests that the 
future might well see the replacement of some of the already extensive 
plantings by cultivated pastures or, on favourable sites, by crops . 
Since the secondary Aristida junciformis grassland does not 
provi de quality grazing, it is recommended that the replacement of veld 
by pasture and/or afforestation should reach a maximum in this area. 
The extensive areas of indigenous forest, the fishable river s, 
scenic drives and several waterfalls are all attractions within easy 
reach of the cities and towns. Thus, the area has high potential for 
recreation and wildlife. Several sites are recommended for these 
purposes and should receive special attention (Map 9) . 
The soil limitations are similar to those noted for area la o 
The same applies to climate and topography except that temperature 
conditions are not as restrictive. Weeds of importance include t he 
American bramble (Rubus cuneifolius) and the poisonous weeds tulip 
(Moraea SDp.), ragwort (Senecio spp.), slangkop (Urginea macrocentra), 
ink berry (Cestrum laevigatum), chinkerinchee (Ornithogalum spp.) and 
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staggers weed (Matricaria nigellaefolia). Problems related to sub~ 
economic farm units and the likely influence of rural and industrial 
expansion on farm labour have already been stressed. 
The prospects for increased intensity of all facets related to 
land ~se are exceptionally good. For this reason, the extension 
programme should not only direct attention to the careful selection of 
appropriate land uses, but should also create an awareness among the 
farming community of the exceptional possibilities for development. 
It should then ensure optimum exploitation of the potential by setting 
yield horizons and guiding development along technologically sound 
avenues. Thus, the programme should strive for greater productivity 
and refinement in crop, livestock and forest husbandry. 
3) Ecological area 2a 
The potential of this area is fractionally lower than that of 
area Ib, owing to the slight moisture deficiency. This limitation is 
of particular importance to afforestation and the choice of suitable 
crops. The master plan is essentially the same as that for area Ib 
except that the production of timber products should become a subsidiary 
line of farming. The suitability of certain bottomland soils in the 
vicinity of Lions River for poplar is noteworthy. In all other respects 
the remarks concerning area Ib apply. 
the Cedara College of Agriculture. 
The area is also well served by 
4) Ecological area 2b 
The potential of this area for intensive agriculture is moderate, 
limited by low rainfall and many shallow, poorly drained soils of 
moderate erosion hazard. Despite these limitations intensive land use 
is encouraged by favourable topography and the close proximity of fresh 
~ilk markets. The master plan envisages a fairly intensive system of 
farming with dairying and crop production as the main lines. Dairy 
production should rely on summer producing grasses and conserved winter 
feeds. 
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The cropping system should include leys of fairly long duration 
and should aim at meeting the livestock requirements and the needs of 
the soils. Suitable summer grasses include kikuyu, E.curvula and 
Paspalum dilatatum. Maize is considered a principle crop for the area 
but should be restricted to the Dl-association soils and the better 
drained members of ! the El-association. The shallow, poorly drained 
soils often with ferruginous hardpans should be eliminated from regular 
use and planted to leys of long duration. 
improved by surface drainage and tillage. 
Certain of these may be 
Sorghums are well suited to 
the area. The production of winter fodder crops under rainfed 
conditions, especially on El-association soils, should be kept to an 
absolute minimum. Marked responses to applications of nitrogen to 
these soils are noteworthy. Current cropping practice has failed to 
establish a suitable legume crop for the area although the production of 
lucerne on selected soils may well prove successful. 
The extensive bottomlands are suitable for the production of 
permanent summer pastures of Paspalum spp. and clover for silage and 
grazing. Pastures of fescue and ryegrass, alone or with clover, grown 
under irrigation, will provide valuable green grazing for the winter 
period. Surface drainage techniques are generally essential for 
successful pasture production on these soils. In view of its limited 
extent the natural veld has a very minor role to play in the overall 
land-use plan. 
Afforestation should be limited to farm woodlots with hardy 
species such as Pinus roxburghii, Eucalyptus fastigata, Eoviminalis and 
E.maideni most suitable. P.elliotii and P.patula can be successfully 
grown on selected sites. Although poplar will do well in the area, 
pasture production on the bottomlands should enjoy preference. The 
potential of the area for recreation and wildlife is greatly enhanced by 
the presence of the Midmar dam. 
attraction. 
The Howick falls also provide an added 
The main limitations concern the adverse physical characteristics 
of many of the soils and moisture deficiency. Poisonous weeds such as 
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Matricaria nigellaefolia may prove serious on the bottomlands o 
Prospects for improving agricultural production in all spheres 
are good although the ultimate levels of production will be determined 
by inherent limitations of soil and climate. Agricultural development 
is bound to be influenced by nearby urbanization. Biologically, the 
area is suited to semi-intensive systems of farming yet a fairly 
intensive system is recommended. For this reason, the extension 
programme should pay particular attention to matters of conservation 
and so avoid over-exploitation. It should endeavour to direct 
production to the most suitable soils and to encourage the adoption of 
sound cropping programmes and agronomic practice. 
5) Ecological areas 2c and 2d 
These areas are discussed jointly since their potentials and 
limitations are similar. They are best suited to semi-intensive 
farming systems although the possibilities for intensification are 
considerable. The master plan envisages livestock and crop production 
as the main lines of farming although the degree of intensity is less 
than in the adjoining moist areas. Fresh milk production should form 
the main line near Mooi River and Rosetta while beef fattening, fat lamb 
and wool production are more suited to the drier and more remote sectors . 
Pigs could form a subsidiary line. 
Maize and sorghums are particularly suitable but should be grown 
in strict rotation with leys of E.curvula and Rhodes grass. This 
programme is recommended for the 01- and El-association soils of high 
potential. Long duration leys including Paspalum dilatatum should be 
selected for the poorly drained soils. Kikuyu is probably the most 
suitable permanent pasture grass despite the generally dry soil climate. 
Pastures of exotic grass and clover species are not recommended unless 
irrigated. Similarly, winter fodder crops grown under rainfed 
conditions should be avoided or kept to an absolute minimum. Lucerne 
could well become an important crop in these areas and it is tentatively 
suggested that improved strains of Cynodon dactyl on will prove eminently 
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suitable as permanent swards on soils of high erosion hazard. 
The bottomlands, by virtue of their high erosion hazard require 
special treatment. Their use should be limited to permanent pasturage 
provided supplementary irrigation is available. The alluvial strips 
along the Mooi river should preferably be used for irrigated pastures 
and lucerne although poplars could be an alternative with careful 
selection of soils. 
The natural veld, with an annual carrying capacity of roughly 
5 acres/mlu, will play a greater role than in the areas previously 
discussed. Utilization of the veld by beef, sheep and replacement dairy 
livestock is envisaged. Veld reinforcement and fertilization may be 
rewarding but will require further experimentation. Afforestation 
should be restricted to farm woodlots. The potential for wildlife and 
recreation is low except for a narrow strip adjacent to the Mooi river. 
Although game farming species could be run on the natural grassland they 
are unlikely to compete seriously with domesticated livestock. 
The main l~mitations include those related to soils (mainly 
physical), moisture deficiency, low temperatures in winter and, to some 
extent, topography. 
In view of the overall potential, favourable communication and 
available markets, the prospects for agricultural development are good. 
The extension programme should be directed primarily at the soils, 
including their potentialities, limitations and management needs. 
Correct fertilization, especially with nitroge~ and tillage methods are 
important. Soil and water conservation are matters deserving priority 
while veld management and crop and livestock husbandry should form part 
of the programme. Full use should be made of the MODi River 
Agricultural High School for co-operative extension work. 
6) Ecological area 3a 
The potential for agricultural development in this area is 
moderate to low. A semi-intensive system of farming is recommended 
although the role to be played by the arable area is limited. The 
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proposed master plan is based mainly on the production of beef and sheep 
supplemented by limited fodder production on carefully selected and 
protected soils . Dairying of low intensity is permitted but should be 
considered only with special conservation practice and efficient 
management. The ratio of beef cattle to sheep is likely to be a 
critical factor in the safe-use of the land. Crops of maize, sorghums, 
sunflowers, cowpeas and dolichos beans can be grown on suitable 
soils. Much emphasis should, however, be given to leys of long duration 
and for this purpose E.curvula and Rhodes grass are well-suited. 
Cynodon dactylon and rainfed lucerne, both as yet unproved, are likely 
to become important. Supplementary irrigation is most desirable and 
permits the production of several crops and intensive grass-clover 
swards, kikuyu and lucerne. The bottomland soils, especially river 
alluviu~ are particularly suited to irrigation. 
Tree planting should be limited to the provision of shade and 
shelter. 
purpose. 
Eucalyptus melliodora and E.sideroxylon are suitable for this 
The natural veld with an annual carrying capacity of 6 ~ 8 acres/ 
mlu will playa major role in the master plan. Thus, emphasis should 
be given to veld management. Some reinforcement may be possible with 
selected legumes. 
is low. 
The potential of the area for recreation and wildlife 
The main limitations include a low and erratic rainfall and the 
unfavourable soils, including the highly erodible claypan soils. 
(Moraea spp.) may occur extensively on the bottomlands. 
Tulip 
The extension programme should aim at restricting agricultural 
development and intensity of use to within the limits imposed by climate 
and soils . It should ensure that correct forms of land ·use and 
conservation practices of the highest order are rigidly applied. The 
restoration of eroded areas and correct veld management should receive 
special attention. 
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7) Ecological area 3b 
The potential of the Thornveld area (which is . suitable for 
extensive systems of farming) ,is generally low. The master plan ~nvisages 
beef breeding and ranching as the main lines. Under special conditions 
small stock may also be permitted. Fodder production should be limited 
to the most favourable soils. The claypan and bottomland soils must 
be excluded from regular arable use. The potential for irrigation on 
the alluvial soils and Jagersdrift series is very high, especially for 
vegetables, lucerne, citrus, intensive pastures and, in some cases, 
poplar. Wheat and cotton may playa role in the future. With the 
possibilities for intensive pasturage and the direct link with Mooi 
River a very limited amount of low-intensity dairying (industrial milk) 
can be considered. This practice, however, has already led to much 
deterioration of the natural resources and would require management of 
the highest order. 
Under rainfed conditions maize, sorghums, cowpeas and dolichos 
beans can be grown on the limited areas of suitable soils. Many of the 
existing arable areas should be withdrawn from cultivation and 
established to permanent grass swards of E.curvula, Rhodes grass or 
Cynodon dactylon. 
In most cases the natural veld, with an annual carrying capacity 
of 8 - 10 acres/mlu or more, requires improvement through careful 
management. The encroachment or 'intensification' of Acacia spp. is a 
problem of special note in this area (Phillips, 1966). Veld 
reinforcement is not likely to be of much importance although the use of 
sub-tropical legumes requires further investigation. The potential of 
the area for wildlife and recreation is generally low except for areas 
adjacent to the Mooi river includi~g the waterfall. Farm game is 
usually abundant if afforded adequate protection. 
Widespread erosion, especially on the bottomlands,is a special 
feature of the area and reflects the high erosion hazard and vulnerab-
ility of most soils. This aspect demands immediate attention. 
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Additional limitations within the area are the small farm size, severe 
. moisture deficiency, wide temperature fluctuations, rugged topography, 
thorn tree encroachment and the occurrence of tulip (Moraea spp~) on 
the bottomlands. 
The extension programme should aim at eliminating the main causes 
of erosion and reclaiming the eroded areas. Incorrect land-use 
practices and the small size of many of the holdings are important 
problems to be faced. Careful selection of soils for arable use and 
the application of correct veld management,plus improved crop and 
livestock husbandry and irrigation practice,are matters of prime concern. 
6.4 Special features related to agricultuFaldevelopment 
1) Utilization of vleis 
This discussion refers specifically to bottomlands characterized 
by hydromorphic soils and aquatic reedswamp, sedge-meadow and hygro-
philous grassland communities. The writer advocates the term 'vlei' 
to describe these· bottomlands in preference to the many other terms 
frequently used (e.g. sponge, marsh, morass, swamp, etc.) 
Vleis are unique in their characteristics and management needs. 
Their safe use is regarded as one of the prime requirements demanded of 
land-use planning in the Area. Many denuded vleis, especially in the 
drier landscapes, bear witness of poor land-use decisions of the. past 
and the failure to reco~nize their need for special treatment (Plate 20)~ 
These ill-advised and ill-fated attempts to utilize vleis are, however, 
insufficient to justify the sweeping denunciations often heard and the 
demands for total protection. Kokot (1963), discussing the 'Umgeni 
sponge', stated that to protect land from the plough merely because 
that would result in erosion would be a policy of despair. Nevertheless, 
it is true that regular cultivation will reduce the cqntent of organic 
matter in the surface soil and increase erosion hazard. A further 
problem is that the entire vlei is seldom under single ownership thus 
complicating planning and management. 
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Plate 21 . Vlel development In the HaWick Extension Area -
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The soil survey provides the basic information for making 
recommendations for vlei utilization i n the Area, yet the attempt to 
formulate a definite policy is thwarted by a lack of hydrological data . 
For instance, it is unknown whether high yi elding pastures use more 
water than the vlei vegetation or if poplars use more than pastures. 
Many of the vleis in the humid areas have already been 'worked' 
for long periods, some for over 40 years, and more are in the process 
of development. No concrete evidence is available to show what effect 
this development has had on water supplies. The attention given to 
this class of land has increased markedly in recent times . and farmers are 
now aware of the hi gh potential of these vleis for pasture production 
and poplars (Plates 21 and 22) . 
The views reflected here are the result of field observation and 
a knowledge of the soils. In the absence of research data, an attempt 
is made to provide a 'modus operandi' which is urgently needed by 
planners in the field . Although principles are discussed, no details 
of design or specifications for drainage systems, such as those found in 
various handbooks, . are given (U.S oD.A., 1954; Roe & Ayres, 1954; Luthin, 
1957). Bottomlands characterized by alluvial soils (Ll-association), 
pans with no natural outlet and the narrow, usually steep, drainage ways 
of the landscape are exluded from this discussion. The last- named, or 
~alley vleis' (Downing, 1968), are generally subject to overflow and 
flooding of considerable magnitude and should be carefully protected. 
(i) Types of vleisand their distribution 
Characteristic soil features are used to distinguish three types 
of vleis (Scotney, 1970) . In the absence of more critical data little 
regard is given to mode of formation or geological features in defining 
the types . A common feature of most vleis is the presence of a dyke or 
horizontal formation of hard rock forming a nick point (key) in the 
river valley (Turner, 1970) . D5wning (1968) has defined several types 
of vleis in the Highland Sourveld. These rlefinitions are based mainly 
on phsyiographic and plant ecological features . 
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Three main categories, based on soils, are recognized in the 
Area: 
Type 1 Vleis comprising acid hydromorphic soils (Cl-association). 
Type 2 Vleis comprising neutral to alkaline hydromorphic soils 
(HI-association). 
Type 3 Vleis comprising margalitic and claypan soils 
~H2-association). 
Map 10 shows the location of these types and a summary of their 
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Hazard of use of the bottomland soils increases from Type 1 to 
Hiemstra (1965a) demonstrated the relative stability of the 
KATSPRUIT series (Type 1) and the high erosion hazard of the ESTCOURT 
and RENSBURG series (Type 3), which supports field observation. The 
common occurrence of these highly erodible soils, as shown in Table 51, 
is extremely important. The stability of all vlei soils is, however, 
enhanced with saturation. Although soil conservation is of prime 
concern with Type 3 vleis, hydrological matters are most important 
with Type 1. These two aspects have a marked influence on the 
recommendations to be made for each type. Before considering these it 
is necessary first to discuss some important principles concerning 
'vlei' development~ especially for Type 1. 
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(ii) Planning vlei development 
Vlei development should first meet the requirements of the Soil 
Conservation Act and the planner • I should also ~cknowledge 
basic principles and follow set procedures. Development in the sense used 
here , means improvement of the vlei, primarily for the production of 
permanent pasturage, preferably under irrigation, but does not 
necessarily preclude other forms of usage. The term vlei drainage is 
often heard yet loose usage of the term and the inference resulting 
therefrom have done much harm (Hill, 1968). It is suggested, 
therefore, that emphasis should rather be given to development or land 
improvement. According to Roe and Ayres (1954) land improvement should 
mean more than simply the removal of free water from the land surface 
and the soil of the root zone. Rather, it is the 'complete' control of 
the elevation of the ground water table within the root zone. The 
object should be to lower the water table just enough to permit the 
successful establishment and growth of the crop. 'Complete' control of 
the water table implies that the moisture cbndition of the vlei could be 
returned to its original state at any time. Over-drainage and under-
drainage are equally detrimental and should be avoided. 
In planning for land improvement each vlei should be treated on 
its own merits. Some may, in fact, require total protection. The 
relationship between the vlei and the farm, neighbouring farms or the 
entire catchment area should be well understood . Planning must include 
the entire vlei and the whole catchment area, both above and below the 
vlei itself. Erosion control within the vlei, the influence of 
development on water yield and pollution, and the effect on natural 
fauna and flora, are all important aspects to be considered. 
Benefits accruing from bottomland improvement include: 
1) additional land of high productive potential for specific 
use is made available, 
2) improved crop yield through better root development, earlier 
and timely cultivation and improved physical conditions of 
the soils, e.g . better aeration and microbial activity and 
higher temperatures (wet soils are cold soils), 
3) control or reduction of flood damage, 
4) improved economy of the farm enterprize ~ 
5) reduction in frost damage, and 
6) improved access over the farm. 
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Procedures and techniques: 
planning. 
Two phases are recognized viz., survey and 
1) A systematic and thorough survey of all relevant features 
should be made. Factors that affect the design of the project include 
a) the purpose of the drainage system, b) the outlet depth and 
capacity, c) ruling gradients, d) topsoil and subsoil characteristics, 
e) rainfall and sources of seepage, f) size, shape, topography and 
vegetal cover of the catchment, g) crop to be grown, and h) land 
values (Roe & Ayres, 1954). The topographic and soil data and the 
possible outlets and location of drains should be recorded in map form! 
Drainage problems should be identified before the layout of drains is 
finalized. 
Detailed soil investigation is essential during the survey 
phase. Not only does it permit 'typing' of the vlei but soil 
characteristics that invariably influence the decisions to be made in 
the planning phase can be studied. For instance, surface features such 
as the hummock formation of Type 1 vleis (Plate 23) may influence the 
'breaking up' procedures. S6ils also influence the selection of under-
ground drainage techniques. In HI-association soils the tendency to 
crack on drying is in itself an aid to sub-surface drainage (Plate 25). 
The high organic status of many vlei soils gives rise to several 
problems. The shrinkage factor in the 'peaty' vleis (e.g. IVANHOE 
series) may cause appreciable subsidence if development permits 
excessive drying out of the O-horizon. Shrinkage of up to 40 percent 
on drying was reported in Chapter 2 and is clearly illustrated in Plate 
25 . Furthermore, problems associated with frost are often greater in 
Plate 23 . Hummock formation in hydromorph ic ac i d 
vleis (Type 1) (Photo : E. J. Moll) 
Plate 24 . Shrinkage of O-horizon on drying 
I VAN HOE series . 
Plate 25 Sub-surface cracking aids Internal 
drainage Note seepage fr om c ra cks 
above wa t e r table 
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Plate 26 . A typical 'key' (dolerite dyke) and 
' vlei ' . 
Plate 27 . A view of the 'key' area from within 
the 'vlei'. 
Plat e 28 . An example of Interference af the 'key ' 
are a which may endanger the ent ire 
'v lei' abov e. 
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Plate 29. Steep sided outlet drain correctly made 
(nate absence of spo il bank l. 
Pia te 30 Old - type cut - off drain inclined to 
erode. 
250 (iii) 
Plate 31 Old -type drain with spoi l bank Impeding 
lateral dral age 
250 (iv) 
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peat soils than in mineral soils although this can be alleviated by 
drainage (Roe & Ayres, 1954). Good compaction by rolling is necessary 
for successful establishment of pastures on these soils. 
2) The planning phase should commence with the catchment 
itself. Since the bottomland is to cater for all discharge from the 
catchment area" maximum conservation of water and soil in the uplands is 
required. Planning should establis~ the optimum usage for the land and 
should include the siting of flood control and storage dams where these 
are necessary . It may, for example, be necessary to control or 
eliminate the planting of trees, or intensive crop or pasture production 
where water resources are of prime concern. 
Within the vlei proper the first essential is to afford complete 
protection of the 'key area' in its natural state. This usually 
comprises a dolerite dyke (Plates 26 and 27) but may take the form of 
alluvial deposits where feeder streams join a main river. Under no 
circumstances can interference (deepening) of this natural outlet be 
tolerated since attempts to do so are likely to end in disaster (Plate 
28). Provision of a protected area of natural vegetation, or 
preferably a dam, immediately above the 'key' is also recommended. The 
plan should ensure that the vlei is developed systematically in alternate 
'strips' at right angles to the direction of flow. It is suggested 
that no more than 20 to 25 percent of the total area should be bared at 
anyone time. The same applies to the re-establishment period. 
One of the first tasks is to control the perennial flow through 
the vlei and the lateral seepage water. Outlet and cut-off drains, 
sited exactly on the periphery of the vlei, and occasional drains across 
the vlei are often all that is needed for this purpose. Time should be 
allowed for such drains to take effect before development is continued. 
This is one of the few instances where steep-sided drains should be used 
although they are generally wasteful of land, hazardous to livestock, 
difficult to cross with machinery and subject to continual erosion of 
the banks (Plate 29). A further disadvantage is that the spoil banks 
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often prevent lateral surface drainage thus aggravating the drainage 
problem. Many attempts at land improvement to date have experienced 
these problems (Plates 30 and 31). Broad U-type drains are preferred 
for their greater capacity, reduced erosion hazard, easier crossing by 
livestock and machinery, and better weed control (Plates 32 and 33). 
The W-type drain is suitable for providing a raised roadway where spoil 
is placed between two parallel drains (U.S.D.A., 1954). Where 
perennial flow is to be handled, erosion within the drain itself, must 
be avoided at all costs. Suitable gradients should be used or grade 
reducers installed. The latter should be designed so that the water 
table can be raised to any required level and, if need be, to provide 
irrigation. Flumes, drop spillways and pipe outlets are additional 
aids and should be used where necessary. Protection of the drain 
outlet is frequently neglected (Plate 34). Water from 'eyes' of 
springs within the vlei should be led into the main drainage system. 
Improvised underground drains have been used for this purpose and have 
proved successful in a number of vleis. 
questionable. 
Their longevity is, however, 
Having harnessed the permanent flow, the next step is to 
determine the need for additional drainage. Where this is necessary 
surface drainage techniques, as described in Chapter 3, will generally 
suffice although underground drains may be necessary to meet the 
leaching requirement where irrigation is practised. The 'ridge and 
furrow' technique, coupled with correct tillage, has the advantage of 
providing both drainage and erosion control. At present, underground 
drainage cannot be recommended for most vlei soils, although, where 
economically justified, this method has several advantages. Mole 
drainage in soils reflecting cohesion under compression, such as the 
KILLARNEY series, may be useful. Flexible plastic pipes, though not 
yet tried to any great extent , saves labour and may have low-cost 
advantage over tiles. Both methods may be suitable on soils such as 
the IVANHOE series where the O-horizon is to be drained. Although 
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depth and spacing specifications for the bottomland soils cannot be 
recommended at this stage it is likely that drains 18 to 24 inches deep 
will be satisfactory in most cases. In any event, drainage systems 
should be capable of lowering the water table within 24 hours after 
rain (U.S.D.A., 1954). 
If the safety of the vlei is ever in doubt, disturbance of the 
soil surface must be avoided. 
methods are advocated. 
In such cases sod-seeding or similar 
(iii) Utilization of each type of vlei including the 'Umgeni ' sponge' 
There is, as yet, insufficient data to prescribe the management 
requirements of each type with condifence. On the other hand, their 
safe use is so important that recommendations based on present~day 
knowledge and observation should be made to ensure the best possible 
use for these areas. Knowledge of the relationship between erosion 
hazard of each type of vlei and criteria such as slope and width,would 
be of inestimable value in making recommendations for safe-use. For 
this reason, the average slope gradient for many vleis throughout the 
Area was determined. 
The average value for the Type 1 vleis was 0.6 percent with very 
few exceeding 1.5 percent. In contrast, the average slope gradient of 
the severely eroded bottomlands comprizing the highly erodible soils 
associated with Type 3 vleis was found to be 3.7 percent with a range of 
between 3 and 5 percent. Severe erosion of narrow and steep bottom-
lands, especially in landscapes with soils derived from Dwyka tillite, 
has also been noted outside the Area. On the strength of these 
findings, the writer recommends that development should be restricted to 
those vleis with a slope gradient of less than 1 . 5 percent, preferably 
less than 1.0 percent . Other factors (such as width) that effect the 
depth and velocity of flow over the bottomland should also be taken into 
account. 
In general , arable cropping in vlei areas should be avoided until 
more is known of the consequences. Pasture swards are recommended since 
they provide the greatest protection, prevent reduction in organic 
matter content and are more tolerant to impeded drainage than most 
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other crops. Lowering of the water table can also be kept to a minimum. 
However, other forms of utilization deserve consideration. For 
instance, poplars may be the most suitable choice on certain types of 
vleis and, if managed correctly, may in no way endanger the safety of the 
vlei. On the other hand, it may be preferable to use the site for 
water storage or simply utilizing the vlei for research or aesthetic 
purposes (wildlife and recreation). Owing to the poor drainage of 
bottomland soils sprinkler irrigation is preferred to other systems. 
However, where 'ridge and furrow' is employed, flooding from the ridge 
may prove satisfactory. 
Type 1 vleis: Utilization of this type has led to much controversy. 
Most pleas for total protection are made on the grounds of the likely 
harmful effects to water supplies. A preliminary study supervised by 
James (1968a, 1968b; Pegram, 1969) suggests that such fears could be 
without foundation. 
Where the bottomlands comprise the KATSPRUIT and IVANHOE series 
grass-clover swards for silage and/or grazing are recommended. Cool 
season varieties (fescue or ryegrass) are praticularly suitable although 
Paspalum dilatatum may be chosen if irrigation is lacking. Light 
textured soils such as the Dell and CHAMPAGNE series require more 
intensive conservation practice and where absolute safety is in doubt 
the vlei should be left in its natural state. The vlei soils are 
generally more fertile than those of the surrounding uplands but never-
theless require judicious liming and fertilization. Phosphorus and 
nitrogen are often deficient. Type 1 vleis are not recommended for the 
production of poplars since the soils are unsuitable. If 'ridge and 
furrow' is employed, annual forage crops (e.g. ryegrass) can be grown 
for several seasons during which land shaping and consolidation may take 
place. More intensive usage of this type should await research. 
The J Umgeni ' sponge': The vleis of the so-called JUmgeni :sponge' 
• 
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warrant special discussion. The area lies between l676m (5,500 ft) 
and l 828m (6,000 ft) above sea level along the south-western boundary of 
t he Ar ea (Map 10). It is approximately 20,000 acres in extent and 
includes 2,400 acres of vleis in which the IVANHOE series is common . 
I n the almost level upland~ humic phase soils of the CLOVELLY series 
pr edomi nate. Unfortunately the term 'sponge' is misleading since the 
r.ock formations beneath the area are unlikely to receive and store large 
quantities of water in sponge-like manner (Phillips, 1968). 
Smith (1953) aptly described the area as one of Natal's most 
valuable assets. The utilization of the area, because of its strategic 
position at the source of the Umgeni rive~ has given rise to much debate 
over the years and recently led to the appointment of a commission to 
consider the need for protecting the area from intensification. 
Earlier, Kokot (1963) had suggested that "the role which the sponges 
have played in keeping the Umgeni so free of silt as it is, seems to 
have been somewhat over-stressed". In a preliminary hydrological 
r eport James (1968a) suggested that the reduction of flow into the Midmar 
dam resulting from development of these vleis may be of the order of only 
one percent. 
Despite many requBsts for research very little scientific data 
is t o hand on which recommendations can be based. However , an 
experiment to study the differences between developed and undeveloped 
vI ei s is contemplated (Pegram, 1969). Preliminary investigations 
s how that the drained vleis contribute considerably more water per acre 
of vlei or catchment than the undrained vleis. These preliminary 
results have not indicated the detrimental effects generally attributed 
to drainage (James, 1968b). 
From available aerial photography it can be seen that t he 
ma jority of the vleis in this area were at one time drained and, 
accor ding to early report~ some drains were constructed over 30 year s 
ago. Recently, the writer had the opportunity of studying the 
intensive vl ei development that has -taken place on the fa r m 
'Ivanhoe'. The purpose of this development was to establish permanent 
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pasture. The surrounding uplands are farmed intensively but 
conservatively u Evidence to date suggests that the pastures have 
proved highly successful in carrying large numbers of livestock and 
that there is very little soil loss. Although the influence on water 
yield and quality is unknown the construction of several storage dams 
on the farm has probably improved the overall position. 
In the writer's opinion intensification within the 'sponge' 
area should be permitted, provided intensive conservation is applied 
to all classes of land and the development of the vlei proper is in 
accordance with the principles already discussed. Similar conclusions 
were drawn by a committee convened to report on the Umgeni vleis (Dept. 
A.T.S., 1960). Favourable communications and topographic features have 
obviously influenced development on the farms, 'Ivanhoe' and 'Runnymead' 
(outside the Area). On the other hand, poor communications and 
inaccessibility have largely prevented intensification on the farms 
'Woodhouse'9 'Normandie', 'FP 37', 'New Forest' and 'Roberts'. For 
this reason, the writer proposes that they be included in a 'sanctuary' 
area (Map 9) to be developed for recreation and wildlife. It could 
also be used for ·~esearch purposes and water storage projects. 
Indigenous forests on the farm 'New Forest' provide an added attraction 
in this area. This proposal does not imply that the writer favours 
total protection but suggests an alternative form of land use, based on 
the capability of the land, that fits the master plan for the Area as a 
whole. 
Type 2 vleis: These vleis, comprising the KILLARNEY, Emmaus and 
Matiwane series, require intensive conservation for safe-use. They 
can be used for the production of grass-clover swards but are dependent 
on irrigation for optimum yields. Because of severe compaction, the 
pastures should be used mainly for hay or silage, especially during 
summer. Grazing under wet conditions should be avoided. 'Ridge and 
furrow', together with deep tillage may allow the production of lucerne, 
though yields tend to decline fairly soon after establishment. Poplars 
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offer an alternative form of use but require careful investigation 
into site quality and drainage requirements. Under very special 
circumstances, where the safety of the vlei is beyond doubt and 
management is extremely efficient, occasional silage crops (e.g. maize) 
followed by winter cereals (e.g. ryegrass) under irrigation may be 
permitted between the plough-out of one pasture and the establishment 
of the next. The fertility status of these soils is generally high 
and the lime requirement low. Phosphorus and nitrogen are the main 
needs. 
Type 3 vleis: The exceptionally high erosion hazard of this third 
category demands that the bottomlands remain permanently under well-
managed natural vegetation. Here, the emphasis is on erosion control. 
Under very exceptional circumstances, including almost level slope 
gradients, considerable width, irrigation and efficient management, 
the establishment of permanent pasture or lucerne, may be permitted on 
the G2-association soils (e.g. RENSBURG series). 'Ridge and furrow' 
is recommended in such cases. 
2) Catchment development 
Catchment planning is a practical means of effecting programmes 
or projects for soil and water conservation, flood control or irrigation. 
One of the first essentials is to select and define the catchment or 
hydrological unit (de Kock, 1967). However, catchment planning has not 
yet been attempted in the Area and there are few instances where this 
approach to planning could be strongly motivated. Nevertheless, an 
attempt is made to indicate the major catchments and smaller units that 
could form the basis for catchment planning should it become widely 
adopted. 
Objectives in planning individual catchments vary considerably. 
Although so~l and/or water conservation are of prime concern, emphasis 
should also be given to reclamation where needed and to the rational 
selection of land-use practices (e.g. afforestation). Soil 
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conservation, reclamation and irrigation projects are particularly 
important in the Mooi river catchment. In the Umgeni catchment, . 
however, protection and development of the water resources, bottomland 
development and the rationalization of forestry projects should be the 
main objectives. 
steps in formulating the catchment plan are essentially the same 
as those for a farm plan (Chapter 8). Since individual farmers are 
concerned with the implementation of the plan, the objectives of 
individual farm plans should be related to those of the major :project. 
Two main features were considered in selecting the catchment 
areas. Firstly, it is desirable that the objective of the plan should 
apply to the entire catchment area so that all landowners work towards 
a common goal. Secondly, there should be reasonably uniform ecological 
and socia-economic conditions throughout the catchment. This, however, 
is not always possible where the community pattern is complex. 
Map 11, on page 248(i), shows the location of the four main 
catchments viz., 1) Umgeni river, 2) Lions river, 3) Karkloof river 
and 4) Mooi river. Much of the Mooi river catchment lies outside the 
Area. The size of each of these catchments is less than the upper : 
limit of 400 square miles prescribed by d~ Kock (1967). 
The catchments are further subdivided where local conditions or 
problems require special planning. In some cases even smaller units 
may warrant consideration. Examples of these include the catchments 
of the Emoyeni stream in the Dargle area, the Caversham stream near 
8algowan and the Yarrow stream in the Karkloof. 
On a priority basis the Mooi river catchment (area 4) is the most 
important since soil conservation is of prime concern. Reclamation of 
existing erosion is urgently needed in sub-catchments 4d and 4e. The 
development of the irrigation potential in the latter area also deserves 
attention. Sub-catchment Ib should also rate highly on a priority list 
since it is an important catchment of the Midmar Dam. The Montrose 
Bantu location is situated in this area and many soils are of moderate 
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to high erosion hazard. Pollution of the run-off water could thus 
become an important problem. Beautification of the landscape forming 
the backdrop to the dam itself should be included as one of the 
objectives of the plan for this area. Most of the other catchments 
rate equally in priority although the Karkloof catchment, with much 
afforestation and occasional pollution of the river, should probably 
receive priority over either the Umgeni or Lions river catchments. 
Planning Umgeni catchment area la should include water storage projects. 
A series of dams on the river and elsewhere may still prove necessary 
despite the conclusions reached by previous investigations. Development 
of the important bottomland classes in sub-catchments la, 2a and 4a will 
be of prime concern. 
3) Afforestation within the Area 
Afforestation is recommended in ecological areas Ib and 2a. 
Recently, this form of land -use has become important with respect to 
1) its impact on the development of other lines of agricultural 
production, and 2) its detrimental effect on water supplies (Nanni, 
197oa). An example of the .large-scale afforestation is shown in Plate 
35. Side-effects include increased land values, reduced availability 
of farm labour and higher labour wages. Brief reference to afforest-
ation is made since it affects planning the development of the Area. 
The conclusions reached by the committee appointed to investigate 
afforestation and water supplies in the Republic have been consulted 
(Dept. Forestry, 1968) . 
A feature of many recent plantings is the disregard for land 
capability and soil and water conservation. For example, it is 
estimated that between 30 and 50 percent of existing plantations occupy 
highly productive 'arable' land resulting in direct competition between 
timber and crop production (Plates 36 and 37) . Despite the general 
disregard for water resources, detrimental effects of afforestation on 
water supplies have not yet been felt to any marked degre~ except where 
domestic supplies have been affected . Industries and municipalities, 
Pl ate 5 
Pl ate 36 
p 3 
Lorge - scale afforestat l o In t E' 
Extens ion Area . 
Recent afforestation on va l uab le 
ag ri cultural land In the Kark loof 
Exampl Of G fforestatlOf or hlgt 
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being dependent on the larger rivers and storage projects, are not 
likely to notice these effects o 
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Several recommendations, based on use-capability, are offered as 
a guide to -planning afforestation projects within the Area. They 
ignore important economic issues that may well determine the future 
trends. 
(a) There should be rational selection of land. Approximately 
55 percent of ecological area Ib (230 square miles), excluding indigenous 
forests, is deemed 'non-arable '. Much of this is suitable for 
afforestation though the rocky areas require pit-planting. Because of 
the advantages of first ploughing for establishment, afforestation could 
be permitted on the steeper arable classes (e.g. Classes III and IV in 
Chapter 7) leaving the " more level areas (Class I and II) for crop 
production. 
(b) Forestry projects should be planned catchment by catchment. 
In this way the need for protecting vital water resources could be 
determined on a priority basis and in a systematic manner. . The require-
ments of riparian owners for primary and secondary uses should influence 
final recommendations. Principles to be followed in assessing 
catchments in terms of water~use requirements, and their classification 
into groups prior to prescribing management practices, have been 
established by Wicht (1958) . Phreatic areas should, where necessary, 
remain unplanted. 
legislation . 
Planning must also take cognisance of existing 
(c) Afforestation should be integrated with other forms of 
agricultural production at the farm level. Areas suitable for 
afforestation should be indicated by a land-use capability classification 
made prior to the planning phase. Afforestation projects at this level 
should be encouraged provided the project is economical. 
(d) If the prediction that much afforestation will disapper 
from the 'arable' sites holds good, ways and means of reclaiming such 
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land will require investigation. Costs of clearfelling and stumping 
are 9 at the present time, exceptionally high and may be of the order of 
R400 per acre . A practical method is first to fell the trees at ground 
level and then to establish pasture (e.g. E. curvula). The land is then 
brought into regular arable use once the stumps have rotted. 
(e) 
programme. 
Planning for afforestation should be part of the extension 
One of the chief aims should be to encourage maximum water 
conservation by the careful selection of land and the construction of 
storage dams wherever possible. At the same time the programme should 
encourage the efficient utilization of all domestic and irrigation water 
since these are most likely to feel the effects of afforestation. 
Furthermore, the adoption of practices that will not only protect the 
natural resources but will prove economical should be encouraged. In 
this respect the advantages of short rotations should be noted (Dept. 
Forestry, 1968; Nanni, 1970b). 
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PART III 
LAND CLASSIFICATION AND LAND-USE PLANNING 
CHAPTER 7 
LAND CLASSIFICATION FOR LAND-USE PLANNING 
Productive land is a critical resource. According to Bennett 
(1948) good land - or lack of good land - always has been a vital factor 
in the progress or decline of nations and of civilizations. In the 
Republic there is ample evidence to indicate that this limited resource 
continues to be over-exploited, mismanaged and eroded . Chief cause, 
according to Pentz (1949) , has been the application of incorrect farming 
systems - in essence a failure to appreciate thoroughly all the natural 
factors governing production . Economic pressures, too, have led to 
intensification of marginal land unfit for arable use . Added to this 
has been the failure to appreciate the importance of the soil factor in 
determining the potential of farm land o A principle need in the 
conservation programme is, therefore, to select land according to its 
capability and to apply systems of land-use that meet the controls 
imposed by nature. 
offer . 
To this end the classification of land has much to 
This chapter deals with land classification as it affects the 
planning of individual farms. Although soci al and economic relation-
ships are important in land-use planning these are considered beyond 
the scope of the discussion . I n the development of a proposed 
capability classification for application in the Howick Extension Area 
much reliance is placed on inherent natural characteristics, especially 
soils, and their ecological relationships . Since the capability 
classification is, in effect, an interpretive grouping of soils it 
should be considered together with the information presented in Chapter 
3. 
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7.1 Land classification 
Land classification, as defined by Jacks (1946), is the grouping 
of lands according to their suitability for produc~ng plants of economic 
importance. It is the systematic arrangement of different kinds of 
land according to those properties which determine their ability to 
produce permanently. Surveys of natural characteristics constitute 
permanent records of physical facts while land classification attempts 
to draw conclusions from them (i.e. scientific appraisal). 
A review of literature reveals many different approaches to land 
classification (Albrecht, 1940; Graham, 1944; Jacks, 1946; Taylor, 1950; 
Kellog, 1951; Lewis, 1952; Hockensmith, 1958; Whyte & Taylor, 1958; 
Sirimane, 1959; Smits & Wiggers, 1959; Vincent, 1959; Thomas, 1950; Vink, 
1960; Hills, 1961; Klingebiel & Montgomery, 1961; Murdoch, 1961b, 1968; 
Loxton, 1962b). Graham (1944) recommended that land classification 
should be based on natural characteristics rather than the skill of the 
individual operating i~ or the prevailing economic conditions. On the 
other hand, Kellog (1951), in stressing the need to consider 'land' and 
'soil' as basically different concepts, suggested limiting the term 'land 
classification' to one of a specially economic nature since it involves 
people and economics and everyday problems of production, environment 
and general social concerns. Classifications based on natural 
characteristics are generally regarded as permanent, whereas, those 
based on the relationship of different kinds of land to man and his 
industries are not. Thomas (1960) concluded that classifications should 
not be permanent and, since the methods of using or protecting the land 
change, reclassification is often inevitable. 
Land classification should form the starting point of land-use 
planning and should be directly related to the objective of the plan. 
The primary objective common to all agricultural land-use plans is 
conservation of the soil. Secondary objectives, which may be very 
different, require special ad hoc systems of classification but are 
nevertheless dependent on the attainment of the primary objective. There 
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is, therefore, a close relationship between the objectives of a plan, 
the means proposed to attain it and the system of classification. It 
is, however , often difficult to know where the process of land 
classificati on ends and where l~nd-use planning begins. Land 
classificati on , starting in its simplest and most fundamental form, 
gradually becomes merged into land-use planning through several kinds of 
classification without sharp distinction between them (Jacks, 1946). 
1) Alternative types of land classification 
Ther e is no such thing as a general system of land classification. 
Kellog (1951), i n fact, regarded the search for a simple all purpose 
classi fication according to all significant characteristics and 
capabi lities as hopeless . Five kinds of classification, beginning 
wi th natu r al characteristics and culminating in use-programming, are 
generally recogni zed . Although this framework has long been regarded 
as a theoretical objective in land~use planning , Hills (1961) claimed 
that there were few examples of its application where all the steps are 
co-or dinated on an ecological basis . 
The five main types of classification are: 
(i) those in terms of inherent characteristics (type 1); 
(ii ) those in terms of present use (type 2); 
(iii ) those in terms of use-capabili ties (type 3); 
( i v) those in terms of recommended use (type 4); and 
(v) those in terms of programme effectuation (type 5). 
Si nce each type has been discussed in detai l by Jacks (1946), 
Lewis (1952) , Hi lls (1961) and many others, further explanation is 
pur posel y avoided . Vink (1960, 1963) , however, developed an 
i nteresting system for the Netherlands by expanding this framework . 
Many classifica t i on projects can be assigned to one or more of the five 
basi c types depending on the use for which they are intended . 
Types land 3 are particularly relevant to this discussion. 
Classi fica tions i n terms of inherent characteristics (type 1) are among 
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the most impor tant since they form the foundation upon which all other 
t ypes are superimposed . Of 75 miscellaneous projects analyzed by 
Jacks (1946) 68 were of, or included, this type of classification and 
in most cases soil was the chief characteristic studied. According to 
Albrecht (1940), using the soil itself provides a criterion upon which 
there is none more fundamental. Nevertheless, the relationship between 
soil and man is important since, at a price, man can change soil to a 
given specification (Aandahl, 1960). 
With a type 3 classification there are as many use-capability 
classes as there are potential crops and possible methods of producing 
such crops. This kind of classification may also provide an indication 
of the probable results that will be achieved in terms of crop 
production and conservation if the land is put to a particular use. 
2) Classification systems in current use 
Many systems in current use were studied in an attempt to j 
i denti fy those principles basic to sound capability classifications. 
Several of these concerning detailed farm planning will be discussed. 
The capability classification developed by the United States 
Soi l Conservation Service is essentially an interpretive grouping of 
soils made primarily for agricultural purposes (Klingebiel & Montgomery, 
1961) . It has a definite and limited objective - the control of soil 
erosion - which is evidenced by the priority given to criteria such as 
erosion hazard and slope. Individual mapping units provide the bases 
fo r groupi ng soils into: 
(a) capabili ty units soils sufficiently uniform to produce similar 
crop and pasture plants, requiring similar conservation treatment 
and management, and having comparable potential productivity, 
(b) capability subclasses capability units having the same kind of 
major conservation problem or limitation, and 
(c) capability classes capability subclasses or units having the 
same relative degree of hazard or limitation. Arable soils 
(Classes I to IV) and non-arable soils (Classes V to VIII) are 
classified according to their potentialities and limitation 
for the production of common cultivated crops and permanent 
vege t ati on respectively . The magnitude of risk or hazard of 
use i ncreases from Class I to Class VIII . 
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Criteria for determining capability classes include soil character-
i stics (e . g. texture, depth , etc. ) , soil qualiti es (e.g. erodibility, 
we tness , e t c . ) and related features (e.g. overflow, climate, etc.). 
Moisture defici ency and low temperatures are important climatic 
limi tat ions affecting capability. Average annual soil loss values for 
speci f i c slope phases are also used to determine the capability' classes. 
Although cri teri a and procedures for determining capability classes have 
been prescr ibed, final assessment is usually the result of group 
consultati on between soil scientists, crop specialists and farmers. 
The U. S. sytem has proved very valuable as a means of introducing 
farmers to the detailed information recorded on soil maps and, in so 
doing, has maximized the benefits of the co-operative soil survey 
programme . American experience shows, however, that the lowest units 
of the classi fication (series and phases) are the most useful (Jacks, 
1946; U. S.D. A. , 1954; Hockensmith, 1958; Klingebiel & Montgomery, 1961; 
Cook , 1962; Ri ecken , 1962; Klingebiel, 1963) . The system has also 
pr oved usef ul for broad or semi- detailed planning and provided a 
reli able basi s fo r a valuable inventory of land and water resources 
(Wadlei gh & Klingebiel, 1966) ~ 
Jacks (1946) speculated that if ever a universal system of land 
classi f i cati on were to develop it would emerge from work done in the 
Uni ted States . Attempts in ot her countries have been modelled on the 
U. s . system although sufficient heed has not always been given to the 
all- important assumptions on which the system is based . Today, with 
ma rked advances in technology and changes in economic situation and 
soil classi fication, it is possible that the capability classification 
has lost some of its original appeal. Revision and simplification may 
thus be j ust i fied. 
I n Rhodesi a , the only radical departures from the American system 
l i e i n the procedure of the classifying exercise and the definition of 
the capabi l i ty classes . The object in this system is to ensure 
sustained and economic production by classifying different kinds of 
land to show their most intensive safe-use, management needs and 
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permanent hazards . The lack of pedological significance in the system, 
an i nescapable weakness in any system designed to express hazard of use, 
and the use of an elaborate code, have been regarded as its major 
l i mi tations (Thomas, 1960; Murdoch, 1961; Loxton, 1962b) . Despite 
this, the approach has made a unique contribution to encouraging better 
and safer land use in Rhodesia (Thomas, 1959, 1960; Vincent, 1959; Fed. 
Dept . Can . & Ext . , 1960; Vincent & Hack, 1960). 
Detailed and semi-detailed planning in Swaziland is based on soil 
series and 'sets' of soil series respectively (Murdoch, 1961a, 1961b, -
1968) . Soi l series ratings and slope categories, depicted by a simple 
two-let ter tag, determine the capability classes for dryland and 
irrigated crops . Climatic and economic considerations are automatically 
accounted for in the selection of specified cropping systems. Murdoch 
(1968) suggested that in the U.S. system the capability unit 
corresponded, more or less, to a slope subdivision of each soil series. 
He indicated that the system was unduly restrictive with regard to 
slope limits . In his opinon the U.S. subclasses did not appear to serve 
a ver y useful purpose since risks could easily be spelled out by recourse 
to the basic unit - the soil series . Several questions posed by Murdoch 
(1968) probably ari se because of the limited objectives of the U.S. 
system o Using the U.S. system, the majority of soil-slope combinations 
i n Swaziland were classified as Class IV o 
Planning procedures in the Republic have lacked a standard system 
of land classification. However, at a symposium held in Pretoria in 
1962, it was strongly recommended that a scheme . ~posed by Loxton (l962a, 
1962b) for the application of soil survey procedures in farm planning 
shoUld be adopted throughout the country and without delay . The scheme 
embodied many of the Rhodesian principles but was intended only as a 
short-run measure until systematic soil survey became available. 
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Progress in the adoption of the scheme has been slow although Grobler, 
Edwar ds and Gericke (1970) have recently prescribed and applied a system 
for classifying arable land and natural veld in terms of productive 
potential and erosion hazard . In this case effective depth and 
permeabili ty are used to assess the potential productivity of the arable 
soi ls. 'Permeability'is taken as an estimate of the moisture regime. 
Elsewhere, parti cularly in Natal, attention has been focussed on 
systematic soil survey as a prelude to pedological farm planning and 
sound land use . 
Any attempt to apply the U.S. system in South Africa would first 
demand very careful study of the prescribed assumptions. Problems may 
also arise from the fact that the classification takes into account the 
feasibility of improving limitations, yet the required inputs are not 
indi cated. Furthermore, although priorities for the subclass 
limitations are prescribed, it is sometimes difficult to , select the 
preponderant limitation . For example, erosion hazard (e) takes 
precedence over other limitations in the classification although 
wetness (w) may constitute the most important factor in terms of 
management . In similar vein, a capability classification designed to 
effect erosion control will have little appeal on farms or in areas 
where erosion hazard is of little consequence. The grouping of soils 
in terms of degree of limitation may also result in differences in yield 
and management need being greater between soils in one class than 
between soils in different classes. -This is viewed as an important 
drawback of the U.S . system. 
These and other aspects will demand serious consideration if a 
national system of classification is to be developed. It will also 
require general acceptance of the series concept and the co-operative 
effort of selected specialists to define criteria and prescribe the 
procedures for moving logically from soils information to a decision on 
land capability . 
The advantages of planning land use on the basis of individual 
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soil mapping units, without resorting to an interpretive i classi f i ca-
tion, demands careful consideration. It is the writer's opi nion 
that these will, in the long run, outweigh those accruing to a 
capability classification based on hazard of use. In this respect,it 
would seem reaonsable to expect a farmer to comprehend from eight to 
ten separate items. Seldom does the number of soil series on anyone 
farm exceed this amount. This approach will, however, require J 
reliable interpretation of soil data, intensive in-service training for 
extension personnel and successful educational programmes for farmers . 
The following principles for developing a capability 
classification are emergent from the reivew of systems in current use. 
1) The objectives and the underlying assumptions should be clearly 
defined. 
2) Classification should be based on the assessment of inherent 
characteristics, especially climate and permanent soil features, 
and not on criteria such as the skill of the operator or the 
prevailing e~onomic conditions. 
3) The system should be pedologically and ecologically sound. 
Classifications making use of empirical specifications regardi ng 
soil properties, or entirely arithmetic systems, are generally 
of very limited use. 
4) A land capability classification should begin with well-defi ned 
soils correctly fitted in a soil classification system. 
5) The lowest categories (series and phases) of the capability 
classification are of greatest practical use to agriculture. 
Progressively fewer and less precise assertations can be made 
with increasing cat ego rial rank. 
6) No system can meet all contingencies. A capability classi fica~ 
tion designed to effect erosion control is unl i kely to satisfy 
the demands of other objectives. Interpretations for speci f i c 
uses (e.g. suitability for crops, pasture, timber or wi ldlife) 
require a grouping that is different from that of the usual 
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capability classification. 
7) Research data, recorded observations and experience should 
provide the bases for grouping soils in terms of capability. 
As new information about soil behaviour becomes available, or 
large-scale projects affecting the limitations are introduced, 
reclassification will be necessary . 
B) Procedures for classifying land are rarely infallible since 
final assessment rests with the skill and judgement of the 
planner. 
7.2 A proposed capability classification for farm conservation 
planning in the Area 
The urgent need for improved procedures in farm planning led to 
the development of a simple (physical) capability classification that 
is based on the soils information presented in Part I. It requires 
that detailed soil survey precede the planning exercise and is not 
intended to detract from the ideal of planning land use on the basis of 
individual mapping units. The classification is also tested (by planning 
selected farms within the Area) in an effort to determine the benefits 
that might accrue from this form of interpretive soil grouping. The 
results of this are discussed in Chapter B. 
1) The need for a new approach to farm planning 
Farm planning has been regarded as the basis of the nationwide 
conservation programme since proclamation of Soil Conservation Act No. 
45 in 1946 . Reviewing developments in this field, Penzhorn (1959) 
wrote "In hoofsaak was dit in 5uid Afrika, net soos in die V5A, ook 
weer die gronderosie probleem wat die finale deurslag gegee het om 
boerderybeplanning as die basiese hulpmiddel vir die bewaring van die 
bodem te beskou". He also viewed the decline in soil fertility as a 
major factor contributing to the economic problems of farmers in the 
Highveld region. Today, few can deny that despite more than twenty one 
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year s of sus tai ned effort , erosion and loss of soil fertility continue 
apace . Ross (1967), Rubidge (1967) , Scott (1967a, 1967b) and others 
have stressed the lack of progress in conservation. In fact, Ross 
(1967) estimated the annual soil loss in the Republic during 1921, 1946 
and 1966 to be 187 , 300 and 400 million tons respectively. The general 
lack of progress and effectiveness of the conservation campaign led to 
t he promulgation of a new Soil Conservation Act (No. 76) in 1969. 
Critical analysis of farm planning procedures in the Howick 
Extension Area indicates that much of the failure can be attributed to 
the purely physical nature of the plans. Scott (1967a) noted that in 
the Republic much emphasis was on 'works' while the provisions of the 
plans were generally ignored. He emphasized that the attitude with 
regard to farm pianning requires drastic change. In supporting this 
claim, the writer submits that the final solution lies in the adoption 
of planni ng procedures that not only integrate physical, biological and 
economic aspects but are also pedologically sound. 
Rhodesian experience is of particular interest. Loxton~ 
Anderssen and .F~ldman (1961) reported that a new system ·was introduced 
in 1955 "at a time when a state of frustration on the part of Extension 
Officers had been reached due to negligible progress in conservation 
farming and a lack of interest on the part of farmers in farm planning" . 
A new system based on the natural fundamentals of land·· use and 
incorporating detailed soil investigation met with immediate success. 
The enthusiasm, characteristic of the Rhodesian extension services, was 
attributed to: 
Q 
1) the thoroughness of the planning exercise, 
2) the high standard of in-service training, and 
3) the strongly developed co-ordination of effort 
between pedologists, agricultural specialists 
- and research workers. 
It would be wise to keep these lessons i n mind. 
Assessment of the farmer himself is frequently neglected during 
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the planning phase. His resources and skills, his personal goals and 
even his age, are factors to be considered. Attending to such matters 
is part of the required thoroughness of the planning exercise. 
Furthermore, much can be said for efficient and regular in-service 
training especially with regard to the pedological aspects. In this 
respect~ it is necessary to heed the wisdom of Orchard (1964) who stated 
that if the success of the extension service is to be measured by the 
soundness of the farm plans the agricultural community can be persuaded 
to adopt, then clearly both the planning officer and the farmer must 
know something about the soil. 
The profit motive of conservation farming should be embodied in 
the new approach. Kolbe (1967) stressed the need to motivate farmers 
and to provide the correct incentive for conservation measures of a . 
long term nature. He considered the low profitability of efficient 
conservation as explanation for the modest progress in this field. 
Scott (1967a) has urged that the economic advantages of applying 
conservation practices should be iterated and rei~e~~ted until generally 
accepted. Although few facts are readily available for this purpose, 
the profitability of conservation farming was proved beyond doubt by 
Penzhorn (1959) in a study of two farms. He stated, "Die uitstekende 
finansiele sukses met die twee voorbeelde van werklik beplande plase 
behaal, lewer 'n bewys dat die stelling deur skrywer alreeds herhaaldelik 
gemaak en waaraan hy vas glo, t.w. dat 'bewaringsboerdery betaal' weI 
deur genoemde voorbeelde en talle ander, aan skrywer bekend, gestaaf 
word". Furthermore, Pearson (1967) reported that planned conservation 
layouts on sugar cane farms resulted in a measured 12 perc~nt increase 
in annual sugar production. It is examples such as these that must be 
'iterated and reiterated'. 
2) Objectives, assumptions and nature of the proposed capability 
classification 
The primary objective of the proposed classification, as in most 
other systems, is to ensure sustained productivity and maximum 
conservationo The classification, being based on systematic soil 
survey, is intended to emphasize the production aspects of land-use 
planning and in this way encourage a more positive approach to soil 
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conservation. In effect the classification is a systematic arrangement 
of soils according to their capability to produce adapted dryland crops 
on a sustained basis. 
By considering the proposed land capability classes the farmer 
will be forewarned of where the potential of his farm lies and where not 
to develop unrewarding land unless forced to. He can then turn to the 
details of his soil map and select land-use practices to fit the needs 
of each soil. This introduction to the detailed soils information 
could be an important advantage of the system. The classification is 
also designed to restrict land-use practices such as intensive crop 
production or afforestation to specific classes of land and so permit a 
more rational approach towards agricultural development. 
The following assumptions are made: 
1) land capability is determinep mainly by the collective effects 
of climate and permanent soil features; 
2) economic considerations such as proximity of markets or 
resources of the farmer influence final recommendations for 
.land ·use but are not criteria for classifying land; 
3) soils can be used for different purposes; 
4) capability groupings will alter as new information about soil 
behaviour becomes available; 
5) the climate of the Are& is not too restrictive to permit the 
regular production of most crops; 
6) soils are classified in terms of their inherent characteristics 
ignoring the feasibility of correcting permanent limitations 
except in the case of low plant nutrient status; 
7) a 'good average' level of management will be applied; and 
8) soils are not necessarily grouped according to their 
productivity or suitability for specific ' crops. 
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Since erosion control is one of the main objectives of ,the 
classification, the significance of soil damage by erosion is 
I 
emphasized. Important aspects noted by Klingebiel and Montgomery 
(1961) are that: 
(a) soil depth should be maintained for sati~factory crop 
production, especially among shallow soils overlying non-
renewable substrata (e.g. claypan soils), 
(b) soil and nutrient losses result in reduced crop yields 
and costs for replacement of nutrients and maintenance of 
yield are higher, 
(c) the physical condition of the plough layer may become 
altered and where gullies have formed these may hinder the 
use of farm machinery, 
and that 
(d) soil loss and silt deposition increases the problem 
and cost of maintaining anti-erosion works and other structures. 
ff 
3) Ecological and pedological significan6e' ~ 
Hills (1961) stressed that land is not well classified until full 
knowledge of all natural characteristics and their ecological inter-
relationships are to hand and their significance in land management is 
considered. for similar reasons, the proposed classification should 
be considered together with the pedo-ecological areas (groups I, II and 
III) defined in Chapter 5. The capability classes are st~ndard for all 
ecological areas although there is no uniformity in their recommended 
use and management. Thus, a singl~ capability class does not 
necessarily have the same use-suitability or. agricultural potential in 
different ecological areas. In farm planning it is essential first to 
identify the ecological area in which the farm is situated. 
Ideally, : a system of classification should have pedological 
eignificance. This, according to Thomas (1960), is based on the 
pedological method of considering soil as an organismic whole while the 
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pedological significance of the units depends on their homogeneity in 
respect of characteristics most closely related to the pedogenic 
processes. To avoid fallacious views on the proposed system 
explanation of this aspect is necessary. 
The mapping units obviously meet the requirements for 
pedological significance since they comprise defined soil series. 
However, this significance is partially lost at the class level where 
the grouping of soils is strongly influenced by their degree of hazard 
in use and not the reasons for hazard. Since the factors governing 
hazard of use are seldom the same as those determining productivity, 
the capability classes cannot be expected to reflect inherent 
productivity clearly. Despite this an attempt has been made to keep 
the heteroge~eity of classes with respect to soil features to a minimum. 
Because of the pedological significance of the mapping units, detailed 
recommendations for land -use should be made at this level. 
4) The capability grouping 
The capability grouping indicates the relative suitability of 
the land for agricultural uses. Classification starts with the 
individual mapping units and proceeds through management groups 
(Chapter 3) to capability classes which, in turn, are related to higher 
categories. The categories of the classification are: 
(i) Soil mapping units: Soil series, or phases thereof, form the 
mapping units. They provide the most detailed informati6n and permit 
the most accurate predictions of soil behaviour and crop yield to be 
made. Slope and depth are two important characteristics that vary 
within the soil series and, since they are directly related to hazard 
of use, their importance should be recognized at the phase level. In 
mapping the soils all relevant information is recorded by means of a 
fraction where the numerator refers to the soil series, or phase, and 
the denominator the characteristics of slope and effective depth. 
Suggested symbols for the slope and depth classes are presented in 
, 
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section 6 to follow and Appendix 10 respectively. By way of example, 
the humic phaie of the GRIFFIN series (Bl-4h), on a slope of 3 to 8 
percent (B) and 36 to 60 inches deep (2) would be recorded as: 
(ii) Soil management groups: 
Bl-4h 
B-2 
Soil management groups discussed in 
Chapter 3 constitute the inital grouping. They comprise groups of one 
or more individual mapping units having similar yield potential, 
limitations and management needs and are indicated by symbols . 
representing either soil associations (Bla, BIb, etc.) or soil forms 
(e.g. HUTTON - HI, H2, etc.). The main criteria for grouping at this 
level include effective depth, drainage, texture and erosion hazard. 
In effect, the soil management groups simplify the detailed soil 
information and are assembled directly into capability classes. No 
attempt is made to group soils in terms of their overriding kind of 
limitation as is done in the U.S. system (e.g. subclasses). . However, 
the term 'subclass' is used where land within a single class requires 
special treatment or where unique conditions prevail. These are 
usually related to bottomlands where considerable variation in texture 
and drainage conditions may occur. Indigenous forests occupying 
upland protected classes are treated in this manner because of their 
special needs (Appendix 16). 
(iii) Capability classes: Capability classes group soils with 
similar agricultural potential and management requirements for safe-use. 
The degree to which natural features limit potential,or .~ause risk of 
damag~influences ~the groupiog at this level. Although the management 
problems and limitations may be of the same degree they may be of 
different kinds. Thus, capability classes can provide information of 
only a very general nature and lack sufficient detail for specific 
recommendations about soil management to be made. 
Unlike most other systems the capability classes are separated 
into two groups at the highest level, viz., upland and bottomtand 
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classes. For the sake of simplicity Roman numerals are used to 
designate seven upland classes (I to VII) and three bottomland classes 
(Ib, Vb & VIIb) . Agricultural potential decreases and hazard of use 
increases from Class I to Class VII and from Class Ib to Class VIIb. 
(iv) Land capability divisions: Land capability divisions apply to 
both uplands and bottomlands. This broad grouping is introduced to 
indicate general suitability for regular arable use. Main criteria 
for distinguishing between divisions include slope, rockiness, 
effective depth and erosion hazard. Definition is based on local 
interpretatiorr as to what constitutes 'arable' or 'non-arable' land 
and assumes the use of normal farm machinery. Three divisions are 
defined, viz.: 
(v) 
1) land suitable for arable use, 
2) land unsuitable for arable use but generally suitable 
for forestry or grazing, and 
3) land rendered~~table for cultivation, grazing or 
afforestation by severe limitations and the need for 
'protection' . Such land is suitable only for 
wildlif~, recreation, water conservation or aesthetic 
purposes. 
Landscape position: In this, the highest category, th~ 
classification differs radically from most other systems . It is an 
entirely natural ' grouping separating uplands from bottomlands. These 
two classes of land differ so markedly in potential, hazard of use and 
management need that subdivision at this level is considered justified. 
Uplands and bottomlands are defined in Chapter 1. 
The highest categories of the capability classification are 
shown in Table 52. 
5) Definition of capability classes 
Detailed definitions of the capability classes are presented in 
Table 52 : Categories of the proposed land capability 
classification for the Howick Extension 
Area 
Landscape Land capability Land capability 












80 t tomlands. Non-arable Vb 
Protected VIIb 
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Appendix 16 and examples of each are illustrated by Plates 38 to 49. 
The following are brief definitions of the upland and bottomland classes: 
UPLAND CLASSES 
Arable classes: 
Class I Land of very high potential for intensive arable use with 
few ~ermanent limitations, very low erosion hazard and having a 
wide range of alternative uses. 
Class II Land of high potential for intensive arable use, slight 
limitations and requiring easily applied conservation practices 
for safe--use. 
Class III Land of moderate potential for arable use with moderate 
limitations and requiring special conservation practices for 
safe--use. Choice of alternative uses is restricted. 
Class IV Land of low potentlal for arable use with severe 
limitations and requiring the rigid application of intensive 
conservation practices for safe ,use. Choice of alternative 
uses is greatly restricted by the limitations. 
Non-arable classes: 
Class V Land suitable for the production of either natural or 
established perennial vegetation. With adequate protection 
it ean be tilled for the purpose of establishment . 
PI (] t e ~ 8 
Plate 39. 
Pia t!:' 40 
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Cia I I an d as v f!ry r Igh potent 101 for intf!nslve 
arable u e, very few limitatIOns and IS sUltabl for 
a Wide range of alternative uses 
Class II land has hlg potential for intensive 
arable use but f!:'qulres easily applied consE'rvatlon 
practlc!:'s for safe use . 
Closs III land has moderate potential f r arabi!:' us!:' 
and r!:'qulres sp!:'clol cons!:'rvatlon practlc!:'s 
(Tr!:'es In 1!:'lt hand photo ar E' on Class VI land 
I e rocky cut~rop) 
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PI ate 41 . Class IV has low potentia l f or r egular arable use 
and requires the rigid applicat ion of I nten sive 
conservation measures for safe use . Limitations such 
as slope are severe . 
Plate 42 Class V land is non arable and should remain 
under permanent vegetatlon
J 
either natural or 
established pasture Including veld re i nforcement. 
Hazard of use IS high as a result of severe 
lim i tati ons of slope and unfavourable so il conditions . 
Plat e 43. Class VI land has severe limitations that re strict 
its use to natural vegetation for grazing purpose s 
or afforestation . 
Plate 44 . 
Plate 45 . 
Pl a t e 46 . 
278 (iii) 
Class VII (upland protected class) has l ittle or no 
value for arable use, grazing or afforestation and 
requires total protect i on . Eroded areas (right) 




Ib (bottomland arable class) land compr i ses 
alluvial soils of high potential arab l e use 
is subject to periodic over-flow . 
Class Vb (bottomland non - arable c l ass) compr i ses 
hydromorph ic 'v l e i' so il s requ i r i ng spe cia l tre atment . 
279 
Class VI Land of such severe limitations that its use is 
restricted to the production of natural vegetation for grazing 
or afforestation (pit-planted). 
Protected class: 
Class VII Land of little or no value for arable use, grazing or 
afforestation. Owing to very severe limitations or special 
needs it requires total protection but may be used for wild-
life or recreation. 
BOTTOMLAND CLASSES 
Arable class: 
Class Ib Land comprising deep, alluvial soils of high potential 
for the production of crops, pastures and/or trees. 
Non-arable class: 
Class Vb Land comprising the hydromorphic 'vlei' soils with 
unique management requirements. Under special conditions 
the production of permanent pasturage may be permitted. 
Protected class: 
Class VIIb Bottomlands requiring total protection. Owing to 
severe limitations or special needs they require to be left 
in a natural state but may be suitable for wildlife or 
recreation. 
6) Determination of capability classes 
The problem in determining capability classes is to ensure a 
reasonable standard of uniformity. In the United States and Rhodesia 
this has been achieved by specifying criteria and standard procedures. 
According to Thomas (1960) such practice is generally unavoidably 
elaborate and 'inevitably over-rigid'. 
In the proposed classification, the writer has refrained from 
prescribing definite criteria or minimum standards for each class. 
This is due, ~in part, to the general lack of research data relating to 
rainfall-erosion losses and potential productivity and, in part, to a 
desire for flexibility ih the classifying exercise. Assessment of the 
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effects of many combinations of criteria such as permanent soil 
features, climate and slope requires much experience and local knowledge. 
For this reason, considerable reliance is placed on the judgement of 
the planner. He must approach his task with an open mind and have the 
ability to upgrade or downgrade a class where necessary. Adjustments 
of this nature may be required where the level of management is very 
different from the accepted norm. Such refinement should, however, .be 
a 'mental adjustment not for publication' (Murdoch, 1961). Although 
the lack of standard criteria does not favour routine checking it is 
suggested that obvious anomalies will be avoided if data relating to 
soil series, effective depth, slope and ecological area are accurately 
recorded. 
Since the effect of soil properties varies widely with climate, 
soil criteria should be prescribed for areas of similar climate. 
Climate itself, especially limitations of moisture deficiency, short 
growing season or conditions such as high wind velocity, requires 
careful consideration. Data of actual and potential evaporation and 
temperature are important in the determination of land capability and 
for this reason, much emphasis is given to the [PI values and _climatic 
sub-regions defined in Chapter 5. 
(i) Determination of upland arable classes: Within defined 
ecological areas upland arable classes are determined on the bases of 
soil ratings (Table 28), individual soil properties (Appendix 9) and 
slope. 
noted. 
However, the relative importance of soil properties should be 
Available moisture capacity or drainage, for instance, may 
determine productiveness while slope and erodibility have little direct 
influence on it, at least, temporarily. In the proposed classification 
texture and slope take precedence over most other properties since much 
emphasis is given to the 'safe-use' of the land. Inherent plant 
nutrient status does not influence the classification of upland arable 
classes except where the concentration of toxic salts may be so high as 
to render the land 'non-arable'. 
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In the absence of critical research data, tentative slope groups 
for each of the ecological areas are suggested. These limits will, 
however, require progressive refinement with experience. Table 53 
indicates the proposed slope groups. 
Table 53 Slope groups and limits (%) for determining upland 
capability classes 
Ecological group I 
Slope iCha~ter 5) 
~group 1 2 3 
General description 
% % % 
. A 0-3 0-3 0-2 Level to nearly level 
8 3-8 3-7 3-5 Gently slopin~ to undulating 
C 8-15 7-12 5-8 Strongly sloping 
0 15-20 12-20 8-15 Moderately steep and hilly 
E > 20 > 20 > 15 Steep and very hilly 
For obvious reasons this first approximation is somewhat 
conservative. The upper limit for arable classes is set at slope group 
C which, by comparison to some countries, is particularly stringent. 
According to Murdoch (1961, 1968) gradients of 20 percent are cUltivated 
in Swaziland and yet the soils are conserved. Similar examples are 
also to be found in the Area,. especially among the highly leached soils, 
but limits of this nature cannot be recommended in view of the current 
level of technology. 
A guide to the permissible slope groups for each arable class is 
given in the detailed class definitions (Appendix 16). Although 
consideration is given only to slope 'steepness' the relationship 
between slope 'length' and erodibility is of equal importance. This 
feature is, however, normally accounted for in prescribing recommended 
erosion control measures. 
Table 54 presents a general guide for determining the upland 
arable classes in defined ecological areas. Important soil and land 
characteristics of each class, together with examples of soil management 
groups and series, are indicated. A note is also made of possible 








Teble 54 • Gulde for dete~lnlng upland arable capability classes 
land and soil characteristics Examples of management groups and soil 
~lope 1 Other characteristics Soil Ecological group 1 Ecological group 2 Soil de~th and texture (level phase) ~roup ratinq Management group Soil series Management group Soil series 
Deep (;'36"). clayey and clay loam soils Well drained. very high to Al BALI'IORAL Ola VII'IY 
(a and b) high available moisture A2 Broadmoor (Ic BERGVILLE A capacity, no mechanical 1-2 Bla r ARI'IHILL Ud AVALON limitations and very low 
erosion hazard 
"ad. shallow (20"-36") clayey and clay Well-drained to mod. well-
Al l r ARNINGHAI'I 01 ) mod. shallow DOVETON loam soils (a and b) drained, hiqh available A2 m(d.shall~w HUTTON a) (20"-36") 
or moistur~ capacit)', sliqht 
Bla 20"-36" GRIrrIN Olb I'ISINGA 
A 2-3 Blb CLOV[LL Y Ua NEWPORT deep loamy soils (c) mechanical limi tat..ion and Blh Humic phase Elb SOUTHWOLO 
low erosion hazard B2a CLEVELAND Elcl m~d.shall~w B£RGVILLE 
B2b (deep> 36") OATSOAL[ [ld 20"-36" AVALON 
Db Melrose 
B Deep clayey soils (a) 1-2 As for Class I - As for Class I (exclude loamy soils) -
Shallow (10"-20") clayey soils (a) ~od. well-drained to some- Al ) sha llow r ARNINGHAM DOV[TON 
or what poorly or excessively Blb) (10"-20") CLOV[LLY ARROCHAR 
mojo shallow (20"-36" clay loam (b) drained, mod. available Blc MISPAH (clayey) WINTERTON 
and loamy (c) soils moisture capacity, mod. A2 ) mod. shallow HUTTON ALBANY 
A or mechanical limitations and 3- 4 B2a) (20"-36") CLEVELAII!O SPRINGFIELD deep ( > 36") sandy soils (d) mod. erosion hazard B2b OATSOALE L[KSANO 
GL[NCO[ 
WESSELSNEK 
Mcd. shallow (20"-36") clayey soils (a) As fo r Class II level As for Class II level B or 2-3 
deep (> 36") loamy soils phase phase 
As for Class I but As for Class I -C Oeep (> 36") clayey soils (ai 1-2 exclude loamy soils 
of A2 _nt qrou~ exclude loamy soils 
Very shallow clayey soils (a) Poorly or excessively Blc) very shallow MISPAH (clayey) 
ARROCHAR 
or drained. low available ) phase WINTERTON ALBANY shallow (10"-20") clay loam soils (b) moisture capacity, severe A2 ~ shallow HUTTON LONGLANOS 
A or mechanical limitations 4-5 B2b (10"-20") OATSOALE SPRINGFIELD 
"ad. shellow (20"-36") loamy soils (c) and high to very high B2c I'IISPAH (clayey) GLENCOE 
III£SSnSNEK or erosion hazard WARRICK 
deep (> 36") sandy soils (d) WASBANK 
I'IISPAH (clayey) 
Shallow (10"-20") clayey soils (a) 
or As for Cla8s III As for Class III B ~d. shallow (20"-36") clay loam soils (b) 3-4 level phase level phase Dr 
.deep (> 36" 10alOY aoila (c) 
hallow (20"-36" clayay aoils (a) '. As for Class tI level As for Class II lavel "ad. 
C or 2-3 phaae (aKCluda shallow phasa (eKClude shallow 
deep ( > 36") clay 10 .... soila (b) sandy soils) ____ sandy soils) 
1 Te"tural claasea. (a) Clay > 35". eand < SOl'; (b) Clay 15-35". sand> SOl'; (e) Clay 15-35". sand> 65"; (d) clay < 15". sand > 65" 
2 Claypan aol1a included in arable claeaea only under spacial conditions 
series 
[co logical qroup 3 





01 1 ~d.shall)w 
c \ 20"-36" Bellevue 
02a Jaqersdrift 
n~ MaJuba rrere 
Db 
G2b 
MH~rose A AOIA 
G2c RENSBURG 
As for Class I 
(exclude loamy soils) -
JICl 
shallow Bellevue (10"-20") 
Elcl 




l11(d.shalllw 20"-35" L£KSANO 
E5d~ mod. shallow GL[NCO[ (20"-36") 
G2bj shallow (10"-20") ARCAOIA 
As for Class II level 
phase 
As for Class I -
exclude loamy soils 
Include management 
groups as for Eco-
!~~~~:~C~rt~Pb~ ~~e 
for more severe 
moisture limitations 
[STCOURT; Fla 
m shellow(l0"-20") BLUEBANK UI'IlAAS 
As for Class III 
level phase 
As for Class II le,al 









The higher capability of the highly leached soils is a result of 
their more favourable physical characteristics and low erosion hazard . 
It will be noted that within a particular class the slope group is 
arranged inversely to soil characteristics contributing most to 
erodibility . Thus, cUltivation is permitted on relatively steep slopes 
provided erosion hazard of the soils is low. The permissible depth 
classes prescribed for the highly leached soils are possibly over-
stringent since the limiting material, usually shale, is often highly 
weathered and hence permeable . 
An alternative means for determining land capability classes was 
adopted by Murdoch (1961) and has the advantage of simplicity. In this 
method, slope is regarded as the chief variable within the series that 
affects land capability . Classes are determined by combining soil 
series ratings and slope groups. 
Using this approach a further guide to the determination of arable 
classes is presented in Table 55 overleaf. The relationship between 
agricultural ratings (Table 28) and slope groups is clearly indicated. 
Since soils similarly rated may have slightly different textural 
characteristics an indication of the influence of texture on the 
capability assessment is also given. Soils are generally downgraded 
as texture becomes lighter ,and s~opes steeper. Although this method 
provides a satisfactory guide to capability classes it holds the danger 
of oversimplifying many complex relationships. 
(ii) Determination of . upland non-arable and protected classes: 
Definitions of the upland non-arable classes are sufficiently detailed 
to permit their satisfactory determination . Slope and rockiness are 
the main criteria for establishing these classes although soil properties 
affecting hazard of use are important where slope gradients do not 
exceed group Co The need for detailed soil investigation within these 
classes depends upon th~ objectives of the plan . A forestry project, 
for instance, requires detailed soil investigation to establish soil 
depth and moisture holding capacity. Since soils also influence the 
Table 55 An alternative guide to upland arable capapility 
classes as determined by soil ratings and slope 
groups 
Soil Slope group 
rating ' A 8 C 
Ecological group 1 
0-3% 3-8% 8-15% 
1 I " II III 
2 . I II a) III, p) IV 
4 II III a) IV 
4 II a).III, b) IV IV 
5 III IV .-
Ecological group 2 
0-3% 3-7% 7-12% 
1 I II III 
2 I II a) III, b) IV 
3 II b) III, c) IV a) IV 
4 III b) IV -
5 IV -
Ecological group 3 
~. 0:"2% 2-5% 5-8% 
.J.. ..... 1. 
1 r '. II III 
2 II III IV 
3 III IV -
4 IV - -
5 (IV)* - -
'Textural classes~ (a) Soils with over 35% clay and less than 
50% sand 
(b) Soils with 15-35% clay and over 50% 
sand 
(c) Soils with over 65% sand 
* require special treatment 
palability of the natural sward and thus the layout of the fences, 
accurate determination of soil boundaries for this purpose may be 
283 
warrahted. The same applies where veld reinforcement is contemplated. 
Protected classes rarely require detailed investigation and are 
determined simply by assessing the severity of inherent limitations 
such as steepness of slope, rockiness, erosion hazard and the need for 
permanent withdrawal from use or for special protection. 
(iii) Determination of bottomland classes: Bottomland classes are 
determined in accordance with their defini tion but the accurate 
identi fication of the soil series is ess,entia!. Arable and non-arable 
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classes are distinguished on this basis. However, complex soil 
patterns within a bottomland may sometimes render class determination 
difficult. 
7) Recommended use and management of land capability classes 
Recommendations at the class level are of a very general nature 
and are primarily concerned with erosion control. They differ between 
ecological areas and, in certain cases, may be influenced by economic 
considerations and personal issues affecting the farmer. In this 
discussion a brief indication is given of important management 
practices to b~ considered in making use-recommendations. 
Upland arable classes: Organic matter, in its many forms, has 
considerable influence on soil productivity and erodibility. 
Nathanson (1963), in reviewing Jenny's concept of organic matter 
constants and other studies, stressed the need to determine the extent 
to which the content of organic matter may be allowed to vary with 
safety. Despite .several studies and reports on conditions specific to 
South Africa no s~rious attempt has been made to relate cropping 
sequence to o~ganic matter status (Theron & van Wyk, 1933; Theron & 
Haylett, 1953; Theron, 1955, 1957a,1956b; Haylett, 1959; Penzhorn, 
1962; Fuls, 1967). Nevertheless, the rapidity with which organic matter 
content of soils within the Area is reduced by cUltivation is striking. 
According to Wischmeier (1962) knowledge of expected soil loss 
from fields is particularly helpful in effecting erosion control within 
safe limits. In Rhodesia, for example, the accepted permissible soil 
loss values for sandy and clayey soils are four and three tons per acre 
per annum respectively (Vincent & Hack, 1960). Neither organic matter 
constants nor predicted soil loss values can, however, be used i~ the 
Republic becau~e of insuffici.ent experimentation. Recommendations must, 
therefore, rely almost entirely on assessment of soil properties and 
observation in the field and should take cognisance of the relationship 
between productivity level and soil loss. Generally, soil losses 
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decrease as crop yields increase (U . S.D.A., 1965) . 
Attention is drawn to the following erosion-control practices 
since they affect recommendations; for use and management of the upland 
arable classes. 
Crop rotations.~ncluding well-fertilized leys and legume crop~ 
are widely accepted as a means of improving the stability and 
productivity of arable soils. Although finding little quantitative 
evidence of the direct effects of rotations on soil loss and productivit~ 
Nathanson (1963) concluded that rotations, especially those including 
legumes, were sound agronomic practice. studies in Natal provide no 
clear directive as to the safest cropping system, the optimum period 
under ley or the maximum permissible period under row crop for any of the 
defined soil -series. Hildyard (1959), however, reported an increase in 
amount of water stable aggregates and in the yield of maize following a 
period under ley. The increase in yield was noticeable for up to three 
years after the ley was ploughed out. E.curvula proved to be a highly 
effective ley crop. 
Theron (1957a) recommended a minimum period under ley of three to 
four years and Penzhorn (1959) suggested that the period and extent of 
the leys should be determined for each soil. Recommended periods for 
clayey, sandy and very sandy soils were three and nine years, six and 
nine year~and six and six years respectively . A method for calculating 
the period of ley and row crop has been prescribed by Grobler et al. 
(1970) and is based on the assumption that soil formation progresses at 
a rate of 5 tons per morgen per annum. However, this rate is unlikely 
to hold for soils such as the ESTCOURT series. 
For the upland arable classes it is obvious that the period and 
extent under ley should increase progressively with increase in hazard 
of use, i.e. Class I to Class IV. In general, it is suggested that for 
Classes I and II less than 50 percent of the area need be under ley . A 
policy of '~ng term ley-short term cropping'is recommend~d for Classes 
III and IV. Although crop rotations are generally recommended for all 
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arable classes, continuous cropping is no longer the evil it was once 
thought to be (Cook, 1962). Intensive monoculture can, in fact, be 
most effective in maintaining organic matter status and reducing soil 
loss under conditions of high fertilization, high population densities 
and the return of all crop residues to the soil (Melsted, 1954; Hudson 
& Jackson, 1~59; Saunder, 1959). Under these conditions continuous 
cropping could be permitted on all Class I land provided adequate 
precautions are taken against root rot and other diseases. 
Crop rotation should provide effective conservation and be 
profitable for the farmer. However, the most profitable crops grown 
in the Area are generally the least protective, especially early in the 
season. Although over 25 percent of the arable land in the Area is 
usually sown to pasture or ley crops little, if any, attention is given 
to land capability when the rotation is planned. 
The choice of leys will differ for each ecological area. 
E.curvula has, however, indicated a wide range of adaptability in the 
Area and is strongly recommended for most conditions. Despite this, 
there is a need to find a suitable legume crop for use on the partially 
leached soils, especially those of the El-association. Here the 
production of rainfed clover is generally unsuccessful and lUcerne and/ 
or subtropical legumes may become important. 
Strip cropping, or the arrangement of alternative crops preferably 
on the contour at right angles to the natural slope, can be recommended 
for all arable classes but is not popular in the Area. Neither is it 
as effective as mechanical measures that divide the slope into segments. 
Sad strips should occupy at least 50 percent of the arable area (Cook, 
1962). 
Crop residue management includes many practices ,influencing soil 
loss and is required on all classes of land. Crop residues are most 
effective when left at the surface but will also reduce run-off and soil 
loss, especially during the seedling stage, when incorporated (LJoS.D.A., 
1965). A residue blanket at the surface is recommended for Class I 
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land where continuous cropping is practised . 
Green manuring is not generally recommended for any of the 
arable classes since studies in South Africa suggest that although the 
practice, especially with legumes, may enhance the mobilization of 
certain nutrients and may increase the yield of subsequent crops, it 
cannot be economically justified (Sherbaloff, 1949; Nathanson, 1963). 
Tillage practices are important for soil and moisture 
conservation no matter what the class of land. They deserve special 
consideration in ecological groups 2 and 3 where moisture conservation 
and erosion ~re particularly important. Among the highly leached 
soils the relationship between primary tillage and efficient 
amelioration with lime also requires attention. Special note is made 
of 'no-tillage' and mulching techniques, especially for the production 
of maize. Although no relevant research data are available for local 
conditions it is predicted that these methods could become particularly 
important, especially on sloping land (slope groups B and C). Loss of 
soil and water resulting from conventional tillage can be greatly reduced 
by these methods. Investigation should, therefore, be initiated on 
both highly and considerably leached soils (no-tillage) where maize is 
rotated with ley crop~ and selected moderately leached soils (mulching) . 
Mechanical erosion control measures are complementary to . 
biological practices. They are most needed on arable Classes III and 
IV where steep slopes and soils of high erosion hazard predominate. 
Generally, contour tillage, together with efficient agronomic practice, 
is sufficient for the adequate protection of Class I land. More 
stringent measures, including a variety of conservation structures are, 
however, needed for the protection of all other arable classes. Since 
construction and maintenance of these structures become progressively 
more difficult with increasing slope steepness, greater emphasis should 
be placed on the use of leys for the protection of strongly sloping land . 
Continued development of mechanization and increased costs of 
production will undoubtedly alter the approach to customary mechanical 
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control measures . In this respect is is doubtful whether farmers will 
always tolerate the inconvenience imposed by some of these methods (e . g. 
point rows) . Continuous cash cropping and straighter rows, even on 
steep slopes are likely to become common practi ce. If this prediction 
is correct mechanical protection methods for the upland arable classes 
will require modification . 
( i i) Upland non-arable classes: Use and management recommendations 
for the upland non-arable classes are not as complex as those for the 
arable classes. Recommended use is restricted to grazi ng by livestock, 
afforestation or perhaps plantation crops. The three methods of 
improving veld proposed by Edwards (1966) are particularly relevant to 
recommendations for these classes. Veld management is of major concern 
in ecological group 3 for both Classes V and VI and for Class VI in 
ecological group 2. Veld reinforcement is seen as a special practice 
for Class V land in ecological ~roup 2 and possibly Class VI in 
ecological group 1. The latter is speculative since Edwards (1966) 
concluded that veld reinforcement was of l i ttle promise in the Highland 
Sourveld. Veld replacement has a major role to play on Class V land in 
ecological group 1 and could be important even on Class VI land. 
Edwards (1966), however, did not attempt sod- seeding which has recently 
received much attention (Krog & Theron, 1969; Graven & Theron, 1969; 
Theron & Cross, 1969). Sod-seeding is seen as an alternative form of 
management especially on Class V land in ecological groups 1 and 2. 
(iii) Upland protected classes: The use and management of upland 
protected classes depends upon the reasons for protection . Much land 
included in this class is severely eroded and requires reclamation. In 
ecological groups 2 and 3 it is suggested that greater attention should 
be given to the use of well- fertilized Cynodon dactyl on for this purpose . 
The natural vegetation of the protected classes should also be maintained 
i n a vigorous condition by applying practices such as judicious burni ng 
o~ where forests are to be protected, the exclusion of fire. However , 
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light grazing by game species could be permitted . 
(iv) Bottomland classes: Recommendations for bottomland arable, 
non-arable and protected classes are almost entirely dependent on the 
management needs of the individual soil series. Those relating to the 
hydromorphic vlei soils are particularly important. Generally, the 
use of Class Vb land in ecological groups 1 and 2 should be restricted 
to the production of permanent pastures for which land improvement 
techniques are required (Chapter 6). In ecological group 3 this land 
should remain under natural vegetation. No matter what the ecological 
group or the capability class, utilization of all bottomlands requires 
management of the highest order. 
General recommendations for use and management of all land 
capability classes are summarized in Table 56. 
Tabla S6 I Recommended uae and managemant of land capability classes 
capab-I£COIOQ-
biUty ical 
II<L".,...,....,,'-'-I, ~hee Qrouo 
Recommended use 
~anagement practices 











Very intensive production of wide variety 
1 LO f adapted crops under rainfed conditions 
_ or irrigation (sprinkler and flood). 
---- --------------------
!~da~~~:r~!t~mg~~~:n~~ mr~~:~sr~~ghums 
production of clover-based pastures and 
winter fodder requires irrigation. 
SUppl ...... ntary irrigation deoirabla. 
- - - -I-c;o; ;r;;d:c;i;;n-u;;d;r-r:i;;f;d-c;;n~i;i;;n; 
3 I ~hould include drought resistant 
varietiee. Irrigation highly desirable. 
Continuous croppinQ permissible with Ordinary good farming practice, 
~~~!~l~n~a~~~~:~~r~ft~~hl~~d:~d includinq contour tillage, sufficient 
legume crops preferable. for safe USB. 
As abcve. Residue management and 
tillage required to cons erve organic 





preferable. duration. Strip croppinq and residue contour tillaQe and broad based 
1 I As for class I. Sprinkler irrigation J Rotations to i " clud~ leys of mOderateJ [as ily applied practices, including 




I As for class 1 but with qreater emphasis 
on cover crops. 
As for class I. Specialized crops e.g. 
cotton may be grown on margalitic soils 
with irrigation. 
Annual cash crops to be kept to a minimum. 
Leys, pastures and timber recommended. 
Sprinkler irriQation feasible but costly. 
long duratio~ leys (e.g. [.curvula or 
Rhode. grass) generally recommended. 
Hardier Pinus spp. can be grown on 
selectad II£es. Irrigation not generally 
reco-mended. 
As above but excludinQ afforastation. 
Short periods of annual cropping prefer-
ably confined to cover or broadcast crop~ 
Timber recommended for steeper elopes. 
~er~~kt~rht~~iy~;t~~lati~~c~~~~?ed -------------------------
2 A. above with .fforestation confined to 
h.rdier .p.cie •• 
------------------~------
3 I .. abova but axcluding affor.station. 
As above but with appl i ca tion of 
tillage and agronomi c practices 
de siqneo to conserve moisture. --------------------
As above. 
Rotation to include leys of long duration. 
Agronomic practice and tillage to be 
of high order during croppinQ period. 
Minimum tillage recommended. --------------------As above with greater emphas is on 
deep tillage and subsoilinq, 
especiallr on grey-brown so~ls. 
~inimum t llage to avoid co~paction 
advantageous. 
As ab"" J8. 
Rotation to include cropping periods 
of very short duration (1-2 years). 
Agronomic and tillaQe practices of 
_h~g~~r~e~ ~o_~ ~i~i~l!~~l~e~. __ 
As above with special emphasis on 
tillage requirements. --------------------A. above. Subsoiling of claypan 
80ils not recommended. 
As above but reqiling qreater emphas is 
on mechanical control mea9Jres especiall y 
for [l-as9OCiation sOl..ls on slopinQ land. 
As above. 
Intensive mechanical control measures 
e.g. contour ridges required ror safe 
use on sloping land. 
As above. Drainage may be required 
for certain poorly drained soils. 
As above. 
Very intensive mechanical and 
biological measures required. Safe 
disposal of run-off water, especially 
important. 
As above with additional drainage for 
certain soils. 
As above. Conservation layout for 
safe disposal of run-off important. 
V 1 ____ c~~._r~~~:.. __________ _ 
V.ld replacement by p.rmanant pasture 
1 j ( .. g. kikuyu), tiabar an~or orchard Agronomic practice and tillage to en.ure rapid establishaent of pasture 
awarda. --------------------
~ch.nic.l control .. aaur.a may be 
r.quired during •• tabliehment p.riod. 
Road layout in plantations to be 
carefully plann.d. --------------------land be.t 11ft '"* natural v~ but 
2 v.ld Ninf'~ an dtabla soU. 
L.. ___ ,_ _ _ _H!r~i!r -"!~'_'!,;. ':!"'_"!. ~n~ ~ ~ _~. 
Sod-... di~ to be on contour. Veld 
man.g ... nt, layout of f.nc •• and stock-
wat.ring pointe .speci.lly important. --------------------
Retnarks 
Population density important. For maize exceed 15,000 plants/ 
acre. Short growth period and very low plant nutrient status 
of soils are main limitation •• 
~aize population of 15,000 plants/acre recommended. Crops to 
be carefully selected for soils indicating ~ydromorphism. Low 
plant nutrient status and moisture deficiency arB main 
limitations. 
Production of crops under rainred conditions somewhat hazardous 
owing to droughty conditions. 
Humic phase soils require longer period under ley than under 
crops. limitations as for class 1 but with increased eros ion 
hazard. 
Certain soils may require simple drainage techniques to reduce 
drainage limitation to e minimum. limitations a s for class 1 
but include problems of impeded drainage and eros ion hazard. --------------------------------
Oroughtiness and erosion hazard main limitations . ~echanical 
limitation of stones must be easily removed. 
limitations include increased erosion hazard,- especially on 
shallow, loamy soils, and low plant nutrient status. 
In addition to high eroaion h.zard, alternating p.riode of 
drought and waterlogqing are important limitations. Poor 
physical condition of soil. and steep slopes will determine 
recommended practices. 
~ajor limitations as above. Additional hazard of stones may be 
costly to remove. 
Very high erosion hazard and low plant nutrient status main 
limitations. 
--------------------------------Shallow £3- and (5-as80ciation soils should preferebly remain 
under permanent cover. --------------------------------Claypan soils includ.d only under special conditions. Cost of 
removing stone. will b.. high. 
Slop. et.enpn.as, shallow depth and high .rosion h.zard main 
li_itation.. land subject to overflow but not typically 
bottomland includad if erosion hazard low, •• g. established 
waterw.YI. -------------------------------





Tabl. 56 . 
C~.b- bt~t~ [coloQ-l,,1ty ical Recommended usa 
class Qroup 
U 3 
Use natural veqetation fo~ Qrazing and 
mana?_ to improve Qrassl~nd. Thorntree 
erad cation often justified. 1'I0w for hay. 
Upland 
Leave under natural grassland or plant non- 1 trees (pit-planted). Veld reinforcp.ment 
arable may b. possible on euitable terrain. 
classes 1---- ---------------------VI 
2 Land to be left under natural 'lrassland 
for grazin'l purposes. 
r--- ---------------------
3 As above. 
Upland 
Land requires total protection but may protected VII 1-3 
be suitable for wildlife and recreation. clas5 
Well-drained and mod. well-drained soils 
suitable for intensive production of 
1 crops, fodder, pastures or poplar s. 
Poorly drained soils best for pasture. 
Bottom- Irrigation recommended • 
land Ib .... --- ---------------------arable 
2 
As above with addition of lucerne on 
class well-drained soils. -- - ---------------------
Suitable for intensive production of 
3 lucerne, cit,,·us, vegetable5 and poplars . 
flood or sprinkler irrigation essential. 
With suitable improvement techniques can 





As above but including poplars. Sprinkler 
2 irrigation essential for maximum produc-
.rabl. tion and safe use. 
cla .. --- ---------------------Without irrigatIon should be left under 
natural vegetation. Lucerne or pastures 
3 p.rmissibl. on margalitic soils with 




Land require. total protection but may be 
protected suitable for wildli'e .n~or r.cre.tion. 
cl ... 
~anagement practic.s 
AQronOtftic practices i Supporting conservation ~ractices 
- Veld management to be of high order. 
Correct veld management, layout of 
- camp fences and stockwatering most 
essential. ------------------- --------------------
- As above. 
------------------- --------------------- As above 
Special management practices for 
controllinq natural veQetation and 
- erosion may be necessary. Indigenous 
forests require protection from fire, 
grazing and exploitation. 
Rotation with leys beneficial. Protect against flood damage. Surface 
Residue rnanaQement important. Ensure drainaQe requirec for rapid removal of 
protective plant cover for flood flood water on clayey soils . 
periud. 
------------------- --------------------
As above. As a bo\le. 
------------------- --------------------
As above. As above. 
Pasture establishment must provide 
Land improvement to include catchment 
area and protection of 'key' to'lether 
rapid plant cover, preferably in with safety of drains. 
autumn under irriQation. 
Complete 
control of water table essential. ------------------- --------------------
As above. Sod seedin'l may be best As above but with conservation 
means of establishment practice of greater intensity. ------------------- --------------------Confine land improvement to surfaCE 
drainage, exclude open drains. Very 
As above. intensive conservation practices 
r.Quired. 
Special management practic.s aay b. 
required to control natural vegetation - and erosion or to facilit.te 
r.cl ..... tion. 
1 JUdicious lim. and fertilizer application assumed. 
• Remarks 
Clay pan soils included where slopes exceed qroup A. 
Land temporarily withdrawn from cultivation or vAry unev e n 
land to be included. Rock outcrops are common. 
~--------------------------------
As above but including land with abundant termite mound s . 
---------------------------------
As above and including land with severe thorntree encroachment . 
Severely eroded land requiring permanent withdrawal frOM use or 
land requiring special protection (e.g. forests) to be lncluded. 
Cynodon dactylon reco~erded for reclaMation of eroded areas in 
drier parts. Also include miscellaneous land classes Such as 
stream ban~ s , road reserves, etc. 
Silt deposition on fodder crops and ~oraea spp. may be 
important limitations. Avoid grazin'l when wet. 
---------------------------------
As above. I , 
---------------------------------, 
As above and including drouQhtiness of sandy soils. 
60ttomlands should be established section by s.ction. Matn 
limitationf include poor drainage, mechanical limitations e.'l. 
compaction, parasite infestation, severe cold in winter and 
potential erosion hazard. Water conservation is of prime 
concern. ---------------------------------
As above. Narrow water courses especially of marQailtic ~~ il~, 
to be excluded. Compaction an important limitation. ---------------------------------
Very high erosion hazard and pot.ntial encroachment of 
thorntr.es are main limitations. 
Sev.r.ly erod.d bottomlands reQuirinq total protection and 







AN APPROACH TO THE SYSTEMATIC PLANNING 
OF SELECTED FARMS 
The purpose of this discussion is twofold. Firstly, it 
291 
attempts to indicate how soil survey procedures and the proposed land 
capability classification may be applied in practice and secondly, it 
summarizes the principles and procedures to be followed in planning a 
farm. To meet these objectives several selected farms were planned. 
The results of three of these are presented in this chapter. Systematic 
soil survey had, in this instance, preceded the planning exercise. 
B.l Principles and objectives in farm planning 
Successful and stable farming is supported by two main pillars; 
planning and management (Penzhorn, 1961). Planning is defined as the 
conscious approach of selecting and developing the best course of 
action to ac~omplish an objective (Fed. Dept. Soil Con. and Ext., 1960). 
However, in many instances, the advantages of sound technique and 
efficient management are lost through poor decisions in the planning 
phase. Two important requirements in planning are therefore: 
1) the clear definition of the objectives to be attained, and 
2) an intimate knowledge of what has to be planned or the many 
fa~tors whi6~ ~a~infl~encathe formulation of the plan 
(Penzhprn, : 1961). The physical relation~hip between the 
farm and the adjoining 'land should also be considered. 
According to Haw (1959), farm planning involves the systematic 
assessment of the potential of the land and, apart from its value to 
conservation, it is essential for proper economic development. Economic 
considerations, though important, should' not be the overriding factor in 
formulating a plan. Essentials in profit farming are first to find the 
correct system for the farm and the farmer, and then to operate the 
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system efficiently and economically (Blagburn, 1961) . A system based 
solely on natural characteristics should first be determined and then 
only should the economic aspects and the skills and preferences of the 
farmer be considered. Farmers differ widely in their ability to make 
decisions which no doubt prompted Jacks (1946) to comment that.the 
occupier, as well as his land, may require 'treatment'. where possible 
the farmer's preferences should be confined to those land units for 
which they are best suited. 
A farm plan is never final. There is always the need to allow 
for transitory economic changes, temporary adversity in climatic 
conditions (e . g. droughts) and the continued advancement in agricultural 
technology. Adjustment to the plan must, however, acknowledge the 
original objectives . 
Penzhorn (1959) recognized three stages in farm planning viz., 
physical- biological, economic and management planning. Because of the 
urgent need for reclamation and conservation he suggested that 
physical-biological planning should enjoy priority although the ideal 
of undertaking all three stages together was stressed. The need to 
arrest erosion on many farms in the Area is as great today as it was 
when the Soil Conservation Act was first promulgated and, as previously 
indicated, physical farm planning has been over-emphasized . For this 
reason, greater efforts should be made to attend to all three of the 
above phases . 
Objectives of the farm plan: As with all forms of land-use planning 
there is an overall objective and several specific objectives . The 
latter will change in scope and priority for each farm. The overall 
objective is to ensure sustained and economic production of farm 
commodities and, at the same time, to ensure maximum conservation of 
natural resources . ~lthough the overall objective is of prime concern 
in this discussion several component aims, some of them listed by 
Penzhorn (1961), are noted. These are: 
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1) the optimum exploitation of the productive potential of the farm 
for the benefits of the farmer (and his country) from a permanent 
point of view, 
2) the maximum conservation of all natural resources, especially 
soil fertility, 
3) adequate monetary returns and economic stability for the farmer 
and the improved efficiency of his existing enterprizes where 
these are deemed correct, 
4) the removal of the causes of erosion and the reclamation of 
denuded areas, and 
5) a high standard of living and happiness for the farmer and his 
family. 
Effective planning is dependent on the concise and accurate 
interpretation of each specific objective in relation to the main 
objective. Many courses of action may be formulated to achieve these 
objectives but each should be tested for suitability, feasibility and 
acceptability to the farmer (Fed. Dept. Soil Can . and Ext., 1960). 
From a purely economic stand point the aim of farm planning is to make 
the greatest .profit concomitant with the maintenance, or improvement, 
of the capital standing of the farm (Barnard & Weston, 1963). 
8.2 Procedures for developing and drafting the farm plan 
Penzhorn (1959, 1961) has described in detail the technique of 
planning farms in the Republic. The ideal of incorporating detailed 
soil and economic investigations into the planning procedures at that 
time could not, however, be motivated because of the general shortage 
in personnel. Although the manpower shortage remains a major problem, 
recent advances in both these fields make it imperative that they form 
part of the planning procedure. For this reason, the basic steps for 
a standard procedure are discussed; a requirement that Loxton (1962a) 
regarded "best dealt with by the Conservation Service" . It is assumed: 
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1) that the planning officer is adequately trained in the use of 
aerial photography and soil survey procedures and has experience 
and knowledge of the area in which he is working, and 
2) that the farmer is co~operative and willing to fulfil his 
obligations. 
The value of stereoscopic interpretation in the planning 
technique is immense. In the writer's experience the task of planning 
can be greatly simplified by the aid of an inexpensive pocket 
stereoscope and good quality aerial photographs. Even in extensive 
farming regions stereoscopic interpretation should be standard procedure. 
Much information can, by this means, be recorded in map form. Although 
an accurate map is an indispensible aid to planning it does not 
constitute a farm plan. Ideally, the map should be accompanied by a 
schedule of land use indicating the sequence of implementation, a list 
of essential conservation works and a budget summarizing the financial 
possibilities of the plan. 
Five well-known steps are recognized to achieve a predetermined 
objective, viz., survey, assessment, planning, implementation and 
evaluation. It is strongly recommended that farm planning should 
follow these steps in strict order. 
1) Survey 
Systematic fact collection is one of the most important steps 
since it provides an inventory of all factors affecting recommendations 
for land use. It should include all natural factors, present land use 
and the desires and preferences of the farmer, together with the economic 
feasibility of such desires . The description of the natural resources 
and agriculture of the Area, though given in general terms (Chapter 4), 
indicates the type of information required. A comprehensive list of 
required information was also provided by Pentz (1938) and Scott (1954). 
In the initial phase the planner should also consider the possibilities 
for modifying any of the environmental factors e.g. eliminating moisture 
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deficiencies through irrigation. 
Detailed soil investigation and land capability classification 
are among the most important parts of the survey phase. The soil 
survey must provide a concise, unbiased record of the soil resources on 
the farm. Interpretation of these data should indicate the potential, 
use-suitability and management needs of the soils that finally determine 
recommendations for each field. standard procedures and terminology 
for this phase were presented by Loxton (1962a) and much relevant 
information is contained in ~he literature describing planning 
procedures employed in Rhodesia . The steps found most suitable in 
carrying out the detailed soil investigations of the farms studied were: 
(a) an initial stereoscopic examination of the aerial 
photographs to delineate drainage and crest patterns, obvious 
capability divisions_and classes, homogeneous areas of soil 
or vegetation arid provisional sites for dams and soil pits; 
(b) a field reconnaissance, in which the farmer participated, 
to obtain the basic information required for planning, to 
verify the main features observed stereoscopically, to site 
the soil pits and to note the main soil series occurring on the 
farm; 
(c) a second stereoscopic interpretation to demarcate 
accurately the capability divisions and, where possible, to 
relate field observations to photo patterns so as to establish 
provisional soil boundaries; 
(d) a detailed examination of soil profiles so as to identify 
soil series and phases and to establish mapping units; and 
(e) to map the soils by auger traverse and finalize the land 
capability classification. 
Where systematic soil survey is available the number of profile 
pits is reduced to an absolute minimum or may even be eliminated. 
However, in this study, a fairly large number of pits were purposely 
described in detail. Samples were also collected from each pit to 
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permit accurate identification of the soils . Accurate profile 
descriptions, though they permit checking are time- consuming. The 
pits were, however, most useful in stimulating the farmer's interest. 
No matter how experienced the planning officer becomes, this benefit 
should not be overlooked. 
The boundaries of mapping units and capability classes were 
recorded with dotted and solid lines respectively . The acreage of 
each class was also calculated to indicate the overall potential on the 
farm . Recording only .the soil series (or phases), slope and effective 
depth, had obvious advantage over the use of elaborate codes 
incorporating many soil features . Although the use of codes is 
unavoidable where systematic soil survey is lacking, Murdoch (1961) 
criticized their use on the grounds that they are time-consuming, 
cumbersome on maps and difficult to compare . Kellog (1951) noted 
that such codes have appeal because they avoid soil classification and 
can be used by untrained personnel . 
De~ailed soil investigations are usually confined to the 'arable' 
areas . Despite this, the soils of the non-arable classes, especially 
Class V, were investigated by augering . This proved most valuable in 
revealing sites suitable for veld replacement or afforestation and 
permitted the careful siting of internal camp fences. 
A basic conservation layout: In the writer's opinion the survey phase 
should culminate in a 'basic conservation layout' for the farm. Based 
on the land capability classificati on it should indicate: 1) basic land 
forms, 2) homogeneous areas of soil , vegetation and aspect, 3) soil 
management groups, 4) communications and potential communications, 5) 
individual fields with the necessary protective conservation measures 
(hydrological plan), and 6) the basic or skeletal fencing and watering 
facilities. 
Of many other factors to be considered in the survey phase, 
analysis of the existing farm organization is especially important since 
it serves to identify major problems and provides an indication of the 
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degree of intensity of production. It also indicates the managerial 
ability of the farmer and whether or not the existing land use is sound . 
Incorrect systems may be indicated by either a) deterioration of natural 
resources, or b) inadequate monetary returns . Scott (1954) suggested 
that over-intensification and · the application of the wrong system of 
farming usually cause the former while the latter is often the result of 
a lack of capital, poor managerial ability and inefficiency. With this 
knowledge the planner can decide whether to change or merely rationalize 
the existing organization. 
l~ of sub-economic sIze. 
The problem is more complex when the holding 
The intensity or leve~ of production is in essence an economic 
consideration and is indicated by features of land usage, stocking rate 
and crop yield (Blagburn, 1961). Efficiency tests should be applied to 
show the weakness and efficiency of each enterprize and whether the system 
is economically sound. The farm management advisory service recently 
initiated in the Natal Region provides a means of diagnosis although many 
other methods are available (Wallace & Burr, 1963; Barnard & Weston, 
1963; van Wyk, 1967a). Production and financial standards such as those 
used ·in Britain are highly desirable for diagnosis and planning (Min. 
Agric. Fish & Food, 1958). 
Restrictions imposed by quotas, servitudes and legislation, such as 
the Soil Conservation Act, No. 42 of 1937 and the Fencing Act, No. 31 of 
196~ should also be considered during the survey phase. 
2) Assessment 
Rigorous analysis and interpretation of all the relevant facts, 
including economic consideration~ should follow the survey phase. 
Assessment should aim at determining the significance of each factor 
governing production and to identify the important problems and 
limitations of the existing organization. Objectives and scope of the 
farm plan should befinalizeq at this stage. 
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3) Planning 
Information previously gathered provides th~ basis for planning 
the course of action. Although up to this point the farmer has played a 
relatively minor role in the proceedings, the planning phase should be a 
joint effort between farmer and planner. A definite sequence, suitable 
as a standard procedure, was followed in planning the selected forms. 
The main steps and important features are butlined . 
(i) Determination of the system, line and type of farming 
This determination is based primarily on the · potentialities of 
each farm and should also take into account the use-capability of the 
Area (Chapter 6). According to Scott (1954), the system of farming 
(i.e. intensive, semi-intensive and extensive) is determined by natural 
limiting factors and their interrelationships. The method is well 
illustrated in a chart presented by Pentz (1949) although it does not 
include a suitable soil factor. For this reason the agricultural 
ratings presented in Chapter 3 were taken into account in planning the 
selected farms. Ratings of 1 to 2 were related to intensive farming 
systems, 2 to 4 to semi-intensive systems and 4 to 5 to extensive systems. 
The line of farming (e.g. dairy, beef, etc.) is determined by 
natural limiting factors, together with the ratio of arable to non-arable 
land. Ratios of less than 1:5 and over 1:10 determine whether a farm is 
suitable for an intensive or extensive line of farming respectively. 
On many farms in the Area the ratio is between 1:3 and 1:4 and, in the 
moist parts,it is often 1:2.5 indicating a very high potential for 
intensive usage. 
The type of farming (e.g. fresh milk, cream, etc.) is determined 
by considering all the preceding factors plus economic conditions. 
Details, such as the choice of breed, are mainly determined by the 
farmer's personal preferences. Single factors such as the incidence of 
hail may, howeve~, outweigh all others in determ~nin~· the main and 
subsidiary enterprizes. 
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(ii) Consideration of enterprizes and land-use practices 
Having established the broader issues of the farm plan, details of 
the enterprizes and practices to be applied should be considered. Many 
alternative procedures are possible . For example, Penzhorn (1959) 
suggested that where 50 to 60 percent of the farm is natural veld, 
planning should begin with the veld and the livestock required to utilize 
it. Important principles in this approach are that 1) all the available 
veld should be utilized, and 2) as far as possible all livestock feed 
should be produced on the farm. 
The procedure adopted in planning the selected farms, all 01 which 
are suited to intensive mixed farming, was to consider in order, the 
livestock enterprize, the crop enterprize, the veld and pasture require-
ments, afforestation and other issues. 
Livestock enterprize: Consideration was first given to: 
1) calculating the total number of each class of stock to 
be run on the farm, and 
2) the total feed requirements or 'forage flow' for summer 
and winter. 
The 'block' system advocated by Scott (1954) is convenient for 
establishing the correct balance between productive and non-productive 
animals in a herd. For example, a 'block' of 10 dairy cows in milk 
should, allowing for dry cows and followers, comprise a total of approxi-
mately 18 total mature livestock units. Approximately 70 percent of the 
herd should comprise productive animals if the venture is to prove 
economic. A simple multiplication of the 'block' for determining the 
final number of each class in the herd is, however, unduly conservative 
and the margin of safety for culling and losses is excessive. Thus, the 
number of followers should decrease proporti~nately as the herd size 
increases. 
The total carrying capacity is first determined for the winter or 
'lean' period of the year by calculating the feed requirements for a 
'block' and relating these to the area of available arable land and the 
expected crop yields. The total summer requirements to be met by 
pasture, ley and veld are then calculated with each type of feed 
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allocated to different classes of stock. Any excess grazing or fodder 
should then be utilized by livestock brought in or, where suitable, 
replaced by an alternative line such as timber. Where beef and sheep 
are to be farmed the number of sheep should not exceed half the total 
number of livestock units. 
The total number of livestock may be limited by other reasons 
including available capital, milk quotas or managerial ability. 
Generally, a dairy herd of 100 to 150 cows in milk is regarded as a 
maximum if a single manager is to maintain optimum efficiency. 
Consideration should also be given to breeding policy, disease and 
parasite control and building requirements. 
Crop enterprize: The crop enterprize is largely determined by soil 
resources but should be designed to meet the demands of the livestock 
enterprize and add to the profits of the farming venture. Choice of 
crop is determined by climatic, biological and personal factors. The 
main consideration in planning the selected farms was to 'fit' the crops 
to defined soil · series. Recommendations concerning .fertilization, 
tillage, conservation and irrigation were based on the information given 
in Part I. 
Veld and pasture: Productive capacity, subdivision and management of 
veld and pasture are important considerations in farm planning. 
Principles of management and utilization are, however, purposely excluded 
from this discussion. Subdivision of the veld areas should form part of 
the 'basic conservation layout' and is achieved by stereoscopic interpret-
ation and by considering the definitions of non-arable capability classes 
(Appendix 16). Special attention should be given to Class V land, 
usually the mowable areas, since afforestation or veld replacement and 
reinforcement can be recommended if soil conditions are suitable . 
Planning the layout and management of cultivated pastures involves 
many principles, too numerous to be listed here. However, an attempt was 
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made in the pla~ning exercise to estimate the productive capacity of each 
pasture since, together with the number of herds and the duration of the 
rest period and period of stay, it determines many final decisions . The 
period of stay shp~ld not exceed 3 days and allowance should be made 
for variations in growth through the season. This information is used 
to calculate the number and size of the pasture camps. For example, if 
the period of rest in autumn or early spring is 42 days and the period 
i 1 h d Oll ° 42 + 1 -_ 15 of stay is 3 days, a S ng e er w~ requ~re: 3 ca~ps. The 
requirement in summer, with a 21 day rest period, is 8 camps leaving 7 
camps available for silage or hay. An indication of the size of the 
camps is obtained by either dividing the number of camps into the 
available area of pasture or by considering the productive capacity of 
the pasture. For instance, a pasture with a productive capacity of 250 
grazing days per acre for the summer period (150 days) can be grazed 
five times if the average rest period is 30 days. Th O ° 25
50 _ 50 
~s g~ves 
grazing days per acre for each cycle. A herd of 50 cows thus requires 
one acre per day. With a period of stay of three days the required 
camp size is three acres. However, such methods can be used only as a 
very general guide for planning the area of pasture. 
Afforestation: Possiblities for afforestation should be considered 
bearing in mind the use-capability classification for timber (Chapter 6) 
and the proposed land capability classification (Chapter 7). Important 
aspects include the size of the project, the programme of establishment, 
silvicultural practices, fire control and road layout. · Layout of 
extraction roads is one of the first essentials to De planned in 
Developing a forestry project. 
Other features: Consideration should also be given to: 
(a) matters of soil, water and wildlife conservation 
including the extent and type of existing erosion and the 
prescribed controi measures, and the supply and cost of 
domestic and other water (e.g. irrigation); 
(b) the system of employment and welfare of labour and, 
( 
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where possible, labour-owned livestock and cropland' should be 
planned as part of the overall organization directly under the 
management of the farmer himself; 
(c) the layout of roads as dictated by natur'al features such 
as crests; 
(d) the layout and costs of buildings and other improvements 
and the required machinery; 
(e) fire control, bearing in mind legislation and the 
desirability of siting strategic fire belts at right angles to 
the prevailing winds (preferably on the crests), and protecting 
these from erosion; and 
(f) the provision of shelter and shade and the beautification 
of the landscape. 
(iii) Economic considerations 
Ideally, every farm plan should be accompanied by an economic 
analysis. Improved economy of the existing organizations can be achieved 
by: 
1) increasing output through better use of existing resources 
or by using additional resources, 
2) adjusting the value of enterprizes in favour of those 
giving the best results and, 
3) reducing costs (Blagburn, 1961). 
Estimates of net farm income should be considered against the 
farmer's commitments. 'Immediate' and 'long term' estimates are 
necessary because the productive capacity of a farm generally increases 
with conservation and intensification. Several methods are available 
for presenting the economic analysis. Budgeting is widely used where 
there are many alternative enterprizes but has definite limitations 
(Buckle, 1967). Recently, the linear programming technique described by 
Heady and Candler (1963) has received considerable attention and holds 
promise for introduction into farm planning procedures (Kassier, 1963, 
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1964; Buckle, 1967). The most efficient enterprizes for converting 
iimited resources of land, cap~tal and labour into profit ar~ indicated 
by this means. However, there are definite conditions to be complied 
with before linear programming can be recommended. The question of 
'specialization' or 'diversification' should also be carefully analyzed 
before the method is adopted. The linear programming technique was used 
in planning one of the selected farms. 
4) Implementatloh 
Planning is only the beginning of effective land use and is to no 
avail unless the plan is put into operation (Fed. Dept. Soil Con & Ext., 
1960) • Implementation of the plan is primarily the concern of the 
farmer and it is the stage at which many previous attempts at farm 
planning ha\le come to naught. During this stage consideration should 
be given to 'how' ' and 'when' the decisions already made (planning) should 
be put into effect. A priority sequence for each phase in the develop-
ment programme should be established and the farmer guided by a list of 
all activities to be included in the plan. 
5) Evaluation 
A farm plan, as with all plans, requires periodic evaluation and 
readjustment. Evaluation should take place before and after each step 
in the programme has been reached and should be made with respect to the 
overall objectives of the plan (Fed. Dept. Soil Con. & Ext., 1960). 
8.3 Responsibilities in planning 
Farm planning is seen as the joint responsibility of the farmer, 
I , " • 
the extension service and, indirectly, the conservation committee. An 
attempt should be made to foster a spirit of co-ordinated effort or 
te'amwork between field staff, '.Specialists and researchers. It is, 
however, unwise for the farm planning task to be rigidly delegated to 
specific individuals. Although several people are involved in the 
planning exerci,e, a situation where the planner is associated with all 
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phases of the exercise is ideal. One possibility is for the technical 
staff to be responsible for planning the 'basic conservation layout'. 
These officers would be required to conduct the detailed soil 
investigation and stereoscopic interpretation and, for this purpose, 
will require regular in-service training. This could also provide 
incentive and responsibility for this group of officers, especially the 
extension technicians, if this rank is to remain. 
Extension officers could attend to the production and economic 
aspects of the plan although their association with all phases is 
preferable. They, too, will require special knowledge of soils and 
their influence on land-use practice. In this field they would meet the 
farmer on common grounq and, together with him, could reach land-use 
decisions field by field. Their role would be especially important in 
the implementation and evaluation phases. 
Farm planning is no longer the prime function of conservation 
committees. However, they could play an important part in directing 
planning services to the right quarters and in motivating farmers so that 
they are receptive to new innovations. An important task would be to 
draw up codes of practice for land capability classes and soils within the 
defined ecological areas. 
The key figure in the planning exercise is the farmer himself. 
His will be the final decisions, a task that may take several days, 
several weeks or even longer. The most important responsibility of the 
farmer will be to implement the plan and see it to finality while 
effecting adjustment where necessary. He will also be required to co-
operate in acquiring the necessary photographic material, supplying 
labour, keeping adequate records and furnishing all necessary particulars 
for planning. 
The farm plan write-up should be designed to present all aspects 
of the plan in a clear and concise manner since all phases must be well 
understood by the farmer. For this purpose free use should be made of 
tables and maps. Aerial photographs at a contact scale of 1:10,000 are 
most suitable for presenting the soil classes and the capability 
classification . . An overlay is possibly the most convenient way of 
presenting the basic conservation layout. 
8.4 Planning selected farms 
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Three farms were selected to demonstrate the systematic procedures 
and pedological approach to farm planning and were used to test the 
proposed land capability classification. The farms represent different 
ecological areas and cover a wide range of soils . They are, however, 
limited to intensive and semi-intensive farming systems which are 
commonest in the Area. For obvious reasons much detail has been omitted 
from the discussion, viz., rations computed for livestock, recommended 
fertilizers, etc. A brief outline of each plan is given. 
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1) , G L [ N F [ R N ' 
lGlenfern' is a 600 acre farm situated within ecological area la 
(Highland Sourveld) approximately 8 miles from Nottingham Road. 
(i) Survey 
The climate is typical of climatic sub-region 1. Farm records 
indicate that a mean annual rainfall of 965 mm (38 inches) is experienced 
mainly between October and March. The winters are cold with the average 
number of days with frost per month for the period April to October being 
0.3, 7.6, 16.3, 16.0, 11.6, 3.7 and 0.8 days respectively. The duration 
of the winter feeding period is taken to be at least six months. 
The topography is gently undulating with slopes mostly between 
3 and 8 percent (Group B). Water supplies, though not well distributed, 
are adequate with approximately 25 acre feet impounded for irrigation use. 
The existing organisation is economically sound (Dept. Agric. 
[con., 1967). In the 1966/67 financial year the net farm income per 
RIOO capital was R16.79. The total capital investment amounted to 
R43,471 of which 44 percent was allocated to land, 21 percent to fixed 
improvements, 32 percent to dairy livestock and the balance to tractors, 
motor vehicles and equipment. Other factors of economic importance 
include a milk quota standing at 140 gallons per day, transport costs to 
Durban of 2.75c per gallon and a permanent labour force of 8 units all 
resident on the farm. 
Managerial ability, as indicated by the present organization is 
above average. The farmers prime interest lies in dairying with 
pedigree and grade Jersey cattle and his goal is to produce 250 gallons 
per day from a herd of 100 cows in milk. He favours the sale of in-calf 
heifers as a subsidiary line and will consider the introduction of cash 
cropping and fat lambs when the dairy unit has expanded and is well 
established. His outlook is biased toward 'grassland farming' which is 
in keeping with the recommended use for ecological area lao The 
present degree of indebtedness precludes rapid development and exploit-
ation of the high potential of the farm. 
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Present land use: Dairying (fresh milk) provides the main source of 
income. The Jersey herd comprises 138 mlu with 87 cows in milk. The 
sale of surplus dairy stock provides a secondary means of income. The 
arable area is 226 acres in extent with 20 acres under irrigation (flood) 
for winter pasture. Rainfed crops include Japanese millet (27 acres) 
followed by rape and ryegrass, short term grass pastures (26 acres), 
long term grass-clover pastures (52 acres), E.curvula (50 acres) and 
permanent kikuyu (50 acres). , The pasture species grown also include 
tall fescue and ladino clover. Silage is produced from millet and 
excess pasture while E.curvula and the natural veld provide the hay 
requirements. The natural veld is 360 acres in extent of which 100 
acres are mown annually. Although all concentrate feeds are purchased, 
the present cost of bought feed is R29 per animal unit which is low by 
comparison with other farms in the Area. This is explained by the high 
quality of the pastures on 'Glenfern'. 
Soils and the land capability classification: The outstanding feature 
revealed by the detaile~ soil investigation is the marked uniformity and 
high degree of leaching among the upland soils, all of which belong to 
the 81-association. The GRIFFIN, CLOVELLY and MISPAH series are most 
important. The bottomlands are not extensive and comprise the KATSPRUIT 
series. Several other features observed during the mapping phase are 
worthy of note. 
(a) The organic carbon content of many of the soils, especially 
those in local depressions or on level,lower slope positions, is very 
high (over 5 percent). These soils are closely related to the KRANSKoP 
and MAGWA forms but in most instances the depth of the ' humic AI-horizons 
is shallower than 18 inches. Since considerable difficulty is 
experienced in classifying these soils without analytical data, an humic 
phase was established and mapped accordingly. 
(b) Determining textural classes required analytical spot checks 
which, in many cases, revealed that the clay percentage of the '8-
horizon' was often between 50 and 60 percent, very close to the 55 percent 
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limit. Because of the generallY light texture of the upper horizons 
these soils were placed in the 35 to 55 percent range. 
(c) In several instances, the yellow apedal B-horizons overlying 
horizons of intense red colours were narrow and somewhat ill-defined. 
These soils, though marginal to the AI-association, were mapped as Bl-
association soils. 
(d) Soils with dark brown (10 YR 4/3 to 7.5 YR 4/2) apedal B-
horizons were found in close proximity to the dolerite dykes. Although 
they do not fit any of the current series definitions, they were mapped 
as a phase of the CLOVELLY series. 
(e) tonsiderable variation in soil depth was noted. However, 
with the high degree of weathering of the s~ale, the depth limitation did 
not app~ar to be J1mportant where th~ de~th to the rock exceeded 20 inches. 
Allowance for this was made in drawing up the capability classification. 
The benefit of the detailed soil investigation on 'Glenfern' was 
to some extent masked by the uniformity of soil characteristics over the 
farm, especially the high degree of leaching. The extremely low plant 
nutrient status is clearly the chief soil limitation and is regarded as 
the most important single factor likely to determine the success of the 
farming venture on 'Glenfern'. The main problems, as suggested by the 
studies previously reported, are severe P-fixation and Al toxicity. The 
cost of corrective treatment is high and, in view of the large area yet 
to be cultivated, will continue to drain much of the working capital. 
The high costs are reflected in the 1966/67 business summary which 
reveals a fertilizer cost for forage crops of R29.84 per acre. 
Physically, the soils are suited to intensive cultivation although 
a 'powdery' condition soon results from continued arable use. Shallow 
depth may also hinder tillage operations. The overall assessment of 
erosion hazard of the soils on 'Glenfern' is low. 
The land capability map (Map 12) shows the soil resources on the 
farm and the land capability classification. A summary of the latter is 
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presented in Table 57. 
Table 67 Land capability classification for 'Glenfern' 
Landscape Capability Capability Extent 
position division class (acres) 
I -
II 351 




Non-arable VI 92 
Protected VII 1 
Arable Ib -




The exceptionally high potential of the f9rm is r~flected in the 
high percentage (60 percent) of Class II land. Approximately 73 percent 
of the fa~m is potentially arable giving a particularly favourable ratio 
of arable to non-arable land of 1:0.36. 
Basic conservation layout: The basic conservation layout, as 
determined by the land capability classification, is shown on farm plan 
Map 13. The map indicates the basic land units, the suggested layout 
for maximum protection of the arable classes, main access roads, watering 
facilities and the land to be irrigated. No attempt is made to list all 
of the proposed works required on the farm since final decisions on the 
basic layout must await accurate field survey and technical advice. 
This basic plan is the ultimate layout as envisaged for both plan A and 
plan B. 
(ii) Assessment 
'Glenfern' is a farm ideally suited to intensive agriculture. 
Although it is at present farmed on a rational basis, the rate of 
development is restricted by the limited capital resources. The possible 
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main lines of farming include dairying (fresh milk), crop production, 
fat lambs and afforestation. Economic and personal factors indicate 
that fresh milk production and the breeding of pedigree dairy stock 
should remain the main lines. Enterprizes such as cash crops, sheep, 
pigs and timber may warrant inclusion at a later stage in the development. 
It is recommended that serious consideration be give~ to the integration 
of cash crops with the present 'conservative' cropping programme. Major 
limitations to be faced include the very low plant nutrient status of the 
soils and the relatively long winter feeding period. 
(iii) Planning 
The high potential of the farm in relation to the existing 
organization and the available capital resources necessitates the 
presentation of two 'production' plans. The first (Plan A) caters for 
development in the immediate future. The second (Plan B) is a long 
term plan based on the ultimate potential of the farm. Although an 
outline of each of these is given,several features basic to both plans 
should be noted. 
The bulk of the winter feed for cows in milk is to be supplied in 
the form of highly fertilized, winter grazing crops suc~ as ryegrass or 
foggaged pasture, supplemented by hay an¢ limited amounts of silage. 
This system, although somewhat controversial, was selected in view of the 
success so far achieved by the farmer, his personal preferences and the 
availability of irrigation. The favourable ,moisture characteristics of 
all soils on the farm (Chapter 2) suggest that, even under rainfed 
conditions, satisfactory yields will be obtained if these crops are 
adequately fertilized. 
PLAN A 
Plan A envisages the int~nsification of the existing organization, 
especially the production from the arable area. The acreage of arable 
land is not to be increased. The ~airy unit is to comprise 100 cows in 
milk with an average yield of 2.5 gallons/day . In addition, excess 
311 
dairy stock will be sold as in-calf heifers. Table 58 shows the 
standard unit or 'block' for calculating the feed nequirements, a 
balanced herd of 100 cows in milk and the pr9posed herd for 'Glenfern'. 
Allowance is made for retaining the young stock until sold. 
Table 58 Guide to the number and classes of dairy livestock in 
a balanced standard herd ; and the proposed herd for 
'Glenfern' 
Standard unit Standard herd Dairy herd 
or 'block' for 
Classes of (10 cows in (100 cpws in 'Glenfern' 
livestock -" milk) milk) 
No mlu No mlu No mlu 
Cows in milk 10 10 100 100 100 100 
Dry cows 3 3 30 30 30 30 
Replacement heifers 3 2 30 20 50 33 
Heifers (1-2 years) 4 2 32 16 50 25 
Calves (6-12 months) 5 1 34 9 50 12 
Total 18 175 200 
Productive units (%) 72 74 65 
The reduction in the percentage of productive units in the herd 
by retaining heifers for sale is noteworthy. However, since most of 
the stock to be sold is pedigree, above average prices are anticipated. 
The total winter feed requirements (excluding concentrates) for 
the proposed ' herd are shown in Table 59. 
Table 59 Winter feed requirements for the proposed dairy ' herd 
on 'Glenfern' 
Minimum daily allowance 
Classes of , Number (lb) livestock 
Pasture Silage Hay 
1) Dair:l herd 
Cows in milk 100 50 30 10 
Dry cows • 30 * 35 15 Replacement heifers 30 30 12 
Heifers (1-2 years) 32 25 10 
Calv'es 34 15 8 
2) Heifers for sale 
Heifers ~over 2 years) 20 35 15 
Heifers 1-2 years) 18 25 10 
Calves 16 15 8 
Total requirement 
477 681 280 (tons) 
* Dry cows to be on pasture for 'steaming up' period 
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During summer the cows in milk, dry cows and heifer calves are to 
run on high quality pastures and the balance of the herd on the natural 
veld. Summer pasture needs for the mature cows and hei fer calves we r e 
calculated on the basis of 100 lb and 50 lb green material per day 
respectively. 
pasture. 
Hay (ad lib) is to be made available to all animals on 
Cropping programme and allocation of land: In view of the uniformity 
of soils and the emphasis on pastur~ a simple crop plan is envisaged. 
The need for protective conservation measures under this system is 
considerably reduced, except for the short periods under crop or when 
the pastures are being established. The acreage of each type of feed to 
be grown is calculated by using appropriate yield estimates. Although 
conservative, they allow for fluctuations in climate and soil fertility , 
wastage through trampling and the low-yielding establishment period . A 
minimum of 15.0 tons/acre winter grazing and 5.0 tons/acre silage are the 
'effective' yields expected from the irrigate~ winter pasture . Rainfed 
cool-season pasture is expected to produce at least 5 tons/acre as winter 
grazing and 5 tons/acre as silage in summer. Estimated yi elds of hay 
from E.curvula and natural veld are 5.0 tons and 0.75 tons/acre 
respectively. 
The required acreage of summer pasture, winter pasture (followed 
by silage cut) E.curvula (hay) and natural veld per l ~vestock unit i s 
0.7, 0.4 and 0.3 and 3.0 acres respectively. Using these standards the 
final allocation of land for 'Glenfern' is presented in Table 60 . 
The surplus veld can carry approximately 30 mlu and could be used 
fot' · any addi tion-allivestock on the farm . (e. g. horses, etc-i ). Si nce the 
crop .plan includes an annual establishment of 10 acres of E. curvula,the 
production of a similar acreage .?f cash crop (e.g. potatoes) is permi tted 
when the ley is ploughed out. Approximately one fifth of the dryland 
grass-clover pastures is to tfe established annually after the millet 
crop. The recommended cool season pasture species include ryegrass and 
tall fescue together with ladino clover. Permanent irri gated pasture i s 
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1) Arable land 
Irrigated pasture for winter grazing and silage 20 
Rainfed pasture for winter grazing and silage 36 
Millet (silage) followed by pasture establishment 25 
Eragrostis curvula (hay) 50 
Summer pasture including kikiyu 95 
2) Natural veld 
Summer grazing for 63 mlu 190 
Mowable veld (hay) 100 
Surplus veld 90 
380 
3) Homestead and waste 14 
T 0 tal 600 
to be established on the Class Vb land. 
The proposed cropping system is such that only simple conservation 
measures are required. Contour tillage and stable waterways have 
already proved highly effective. An additional advantage of the 
proposed system is that there will be no need to expend the limited 
capital resources on a wide range of machinery and implements. 
PLAN 8 
Plan B envisages the ultimate development of the productive 
potential of the farm and assumes the availability of adequate capital. 
The maps presented for plan A also apply to this discussion. 
The production of fresh milk will be the main line although an 
increase in milk quota to 250 gallons per day (i.e. planning for 300 
gallons) is assumed. A herd of 212 mlu, including 120 cows in milk 
yielding at least 750 gallons per lactation, is required to meet these 
objectives. The sale of dairy stock as a separate enterprize will be 
eliminated and a sheep unit -(fat lamb) introduced bnce the dairy 
enterprize is fully developed. A pig enterprize is also planned but 
is optional since it makes no great demand on the land resources. Its 
success will be dependent on management and available capital. The 
crop enterpize is planned to meet the livestock needs and will also 
include a limited amount of cash cropping (potatoes and cabbages). 
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Afforestation is to be introduced on Class VI land. In this respect it 
can be noted that Hubbard (1965) considered afforestation in the area 
adjoining Kamberg to be economically feasible . 
Two additional activities, although not included in the proposed 
plan, may warrant further consideration . These include the production 
of Eocurvula hay for sale and maize grain as a cash crop. The moderate 
capability of the area for maize is, however, the main reason for 
excluding maize from the basic plan. These activities are mentioned 
under the economic considerations. 
The allocation of land for plan B is shown i n Table 61 . 
Table 61 Proposed allocation of land (plan B) for 'Glenfern' 




(a) Rainfed 307 
(b) Irrigation 45 
2) Permanent pasture 47 
3) Replacement veld (or reinforced) 69 
4) Plantation 73 
5) Homestead, roads, waste, etc. 59 
Tot a 1 600 
Livestock enterprize: The dairy and sheep units are to be run on 
separate sectors of the farm. The dairy will run on the area west of an 
imaginary north-south l i ne on which the two homesteads are situated (Map 
13) and the sheep unit to the east of it . The total winter requirements 
for the dairy unit include 897 tons green pasture, 674 tons silage and 
267 tons hay. An allowance of 80 Ib green material per day was made for 
the cows in milk for the winter period compared with 50 Ib i n plan A. 
Thus, the total area of land required by the dairy unit is 45 acres of 
irri gated pasture and 45 acres of dry land pasture for winter grazing and 
silage, 65 acres of E. curvula for hay, 127 acres of summer pasture of 
which 3D acres will be permanent kikuyu, and 20 acres of replaced or 
reinforced veld. In addition to the vlei, the area to be irrigated 
includes approximately 25 acres of upland soi ls. 
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The balance of the land, excluding Class VI, determined the size 
of the sheep unit. By calculating the winter feed requirements for a 
'block' of 100 ewes, 33 cull ewes, 33 replacement ewes and 100 lambs 
(66 to be sold),a sheep unit of 300 Corriedale ewes was planned. In 
accordance with the farmers wishes these will be crossed with Southdown 
and Suffolk rams. The 100 acres of arable land available for this 
enterprize will produce E.curvula (30 acres) and grass-clover pastures 
(70 acres). The sheep will also utilize the remaining area of replaced 
or reinforced veld. 
Cropping programme: The cropping programme is essentially the same as 
that for plan A except for the incl usion of cash crops at the expense of 
the millet. Potatoes and cabbages fit ideally into the pasture 
programme since a fixed area of pasture will be ploughed out annually 
and re-established in later summer. Potatoes are also recommended as 
the first crop after the virgin veld is ploughed. The cash crop 
enterprize will include seed potatoes (13 acres), to be _rotated with 
the 65 acres of E.curvula required by the dairy unit, table potatoes 
(32 acres) and cabbages (5 acres). A total of 50 acres of cash crops~ or 
one sixth of the total arable are~ is thus planned. An additional 
advantage of these crops is that the labour requirements at harvesting 
need not necessarily clash with other activities on the farm such as the 
making of silage. If the cash crop enterprize is not included in the 
plan,additional silage could be produced and Bo to 100 head of beef stock 
fattened over the winter period. 
Pastures and replaced veld: Pastures are to playa vital role in the 
plan for 'Glenfern' and their success will depend upon efficient 
-management and Judicious fertilization. Use of the existing electric 
fence will be continu~d until a convenient camp size has been established. 
Permanent basic ·fences will then be considered. A system of 'zero' 
. 
grazing the winter pastures is to be investigate~, c although the fertility 
problems associated with this system must b~ avoided (Edwards, 1959). 
Approximately 70 acres of Class V land are suitable for gradual 
replacement by pasture or reinforcement by suitable grass or legume 
speci es. The precise method will, however, depend on research being 
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conducted at the present time. Veld fertilization is an alternative 
form of intensi fication that could be considered. 
Afforestation: The 73 acres of Class VI land are to be planted to 
Pinus patula (pit-planting) . Construction of the extraction roads, as 
i ndicated on the farm plan map, should receive early attention. The 
plan will also provide for the establishment of suitable shelter belts 
which are most necessary on 'Glenfern'. 
Conservation practices: Conservation practices are required to protect 
the area under cash crops. Simple measures such as contour tillage, 
strip cropping and the provision of waterways are the main practices to 
be applied. The cost of additional fencing is approximately R500. 
Management and labour: The management requirements of plan B exceed 
the capabilities of one person. The farmer will, therefore, require 
additional aid if enterpriz8s other than the dairy are to be introduced. 
With the exception of the cash crop requirements, all labourers will be 
resident on the farm. It is suggested that they be confined to camp C9 
as shown on the farm plan map, from which there is direct access to both 
the dairy and sheep units. Seasonal labour required by the cash crop 
enterprize is readily available. 
Communication: The proposed road layout is shown -on Map 13. Where 
possible, these will be aligned on the natural crests or on the contour . 
Realignment of the present road between L13 and L15 is suggested. 
Water supplies: As much water as possible is to be impounded in dams 
sitee in C19 and used for irrigation. Existing stockwatering 
fac i lities will have to be extended in view of the proposed extension 
to the pasture programme and the increase in stock numbers. 
Buildings and machinery: The siting of the existing buildings is 
satisfactory and although the proposed dairy unit can be accommodated in 
the exi sting shed, there is need for a workshop and implement shed. 
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Additional machinery will also be required once the cash crop and hay 
making enterprizes develop. A pick-up baler should be one of the first 
items purchased. 
Recreation and wildlife: 
and a wildlife sanctuary. 
Camp C19 is planned as a recreational area 
The dams, stocked with trout, will provide 
ideal facilities for the farmer and his family during their leisure 
hours. Furthermore, the area will provide a haven for water fowl and 
other birds native to the area. Beautification of the sanctuary and 
other parts of the farm by planting suitable trees is recommended. 
Economic considerations: Based on the economic results of the existing 
organization plan A is sound. However, the question arises whether plan 
B can be economically justified and what enterprizes are the most 
remunerative. Linear programming was chosen as a means of investigating· 
the merits of the many alternative enterprizes that could be intrDduced 
into the plan. There is, however, a general trend towards specialization 
in the Area so that the advisability of diversification as suggested in 
the plan is questionable. 
All relevant information concerning the linear programme is 
presented in Appendix 17. The data includes the basic information 
required for the programme, derived mainly from records kept by the 
farmer, th~ input data indicating the constraints or 'activity level' 
applied to each activity, the activity levels finally selected by compu-
ture and the gross piofits of each enterprize, and a profit and loss 
account for the new and existing plans. 
The constraints show a total of 399 acres of arable land, including 
thB permanent pastures and a maximum acreage of cash crops similar to that 
suggested in plan B. A total of 179 acres of maize was also included to 
test whether this enterprize could be economically justified. This 
acreage was based on the assumption that at least half the arable acreage 
should remain under pasture. Furthermore, a maximum of 150 acres of 
E. curvula was included as an alternative enterprize. This area was 
regarded as the maximum that could be handled by the available equipment . 
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A minimum of 73 acres of timber was included in the programme so as to 
utilize the Class VI land. The maximum area was set at 150 acres since 
Class V could also be used for this purpose. The livestock numbers are 
in accordance with the limits imposed by management or the carrying 
capacity of the farm and are the same as those indicated in plan B. The 
pig enterprize was limited to a total of 320 baconers. 
The final solution is shown in Appendix 7. It shows the 
enterprizes selected and the activity levels of each. These include 
dairy - fresh milk (121 mlu), pigs (320 baconers), table potatoes (32 
acres), seed potatoes (13 acres), cabbages (5 acres), maize (179 acres) 
timber (73 acres), winter pasture and silage (49 acres), summer pasture 
(81 acres) and hay for farm use (40 acres). The outstanding feature of 
these results is the dominance of the cash crop enterprize since in each 
case the maximum acreage ori~inally stipulated was selected. The same 
applies to the pig enterprize. The dairy herd i§ reduced and the sale 
of dairy stock, sheep and hay are excluded from the final plan. 
The results are given despite several obvious limitations and 
likely criticism. Maize, for example, is generally unsuitable for the 
area and is not favoured by the farmer. Despite this, maize production is 
economically attractive even with a conservative yield of 20 bags per 
acre. Sheep, though well suited to the area, cannot compete with the 
cash crops at the current price levels. The net farm income for the new 
plan (R18,781) is considerably higher than that of the existing plan 
(R7,B17). Under existing farming conditions this is probably over-
optimistic. Capital demands of the new plan are also exceptionally high. 
Despite this, the results reflect the immense potential of the farm, 
much of which is still to be exploited. 
Plan B, as originally described, is biologically and economically 
sound and is acceptable to the farmer. The economic considerations 
suggest, however, that serious thought should be given to increasing the 




The priority sequenca for the development of 'Glenfern' in terms 
of plan B includes: 
(a) the development and intensification of the existing dairy 
unit to a maximum of 120 cows in milk; 
(b) the expansion of the existing irrigation facilities 
including increased water storage; 
(c) the gradual inclusion of the undeveloped land and the 
introduction of a cash crop enterprize (e.g. potatoes); 
(d) the completion of the basic conservation layout including 
fencing, stockwatering, roads and shelter; 
(e) the introduction of a sheep and/or pig enterprize; 
(f) the replacement or reinforcement of the natural veld on 
Class V land; 
(g) the afforestation of Class VI land; and 
(h) the development of the recreation and wildlife sanctuary. 
(v) Evaluation 
Evaluation will be important in the execution of the plan since 
determining the rate of development will be a major problem facing the 
farmer. Much will depend on the availability of capital and to what 
limits the management and labour ie~ources can be extended. Evaluation 
should take place after each stage in the sequence has been reached. For 
this purpose the fa~m~r should solicit the aid of extension specialists. 
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2) , W EST 0 N ' 
'Weston' is 2,500 acres in extent and is situated in ecological 
area 2d some three miles from Mooi River. The farm is run by the Mooi 
River Agricultural High School. Records kept for many years indicate 
that the mean annual rainfall is approximately 711 mm (28 inches). In 
contrast to 'Glenfern', the soils on the farm are partially leached and, 
as such, have a profound influence on farming practice. Physical 
characteristics are of prime concern. Detailed soil investigation is 
thus essential in planning for optimum land use. 
In addition to meeting the educational needs of the school, the 
farm is run as a normal farming venture. The main enterprizes include 
a dairy unit (60 rnlu), a beef unit (250 mlu), a sheep unit (129 mlu), 
pigs and poultry. The beef and sheep units include 140 breeding cows 
and 330 Corriedale ewes respectively. The arable area (240 acres) 
produces maize, Japanese millet, oats and E.curvula to be fed to the 
livestock. In addition, Pthere are 20 acres of irrigated pasture. 
This discussion is directed mainly to the soils and their 
influence on the land-use plan. The land capability classification and 
basic conservation layout are presented, together with a brief outline of 
the production plan. 
1) Soils and their influence on the farm plan 
The soils were investigated and mapped according to the procedures 
previously noted. In many instance, the intricate soil pattern made the 
demarcation of soil boundaries a difficult task, especially where a 
distinction between the AVALON and SOUTHWOLD series had to be made by 
augering. Since the majority of soils comprise the E group, colour 
criteria were found to be particularly useful, especially in different- . 
iating between moderately well-drained and poorly drained soils. 
Particular importance was attached to the depth phases. 
The soil resources of the farm are shown on Map 14. A. predominance 
of El-association soils and a limited area of E3- and E5-association soils 
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are indicated. 01- and D3-association soils are not widespread. 
Occurrence of the considerably leached Weston series in the southern 
tip of the farm suggests moister conditions than elsewhere. The I 
bottomlands comprise both alluvial soils (Ll-association) and neutral to 
alkaline hydromorphic soils (HI-association). 
Special consideration was given to criteria such as internal 
drainage, available moisture capacity, erosion hazard, surface soil 
characteristics, effective depth and texture since these influence land-
use practice. For example, poorly drained upland soils such as the 
Shandon, ALBANY, WARRICK, KLIPFONTEIN and LONGLANDS series affect both 
choice of crop and recommended tillage operations. The soils most 
suitable for arable use include the Weston, Bellevue, Loskop, Rooikop, 
AVALON, SOUTHWOLD, GLENCOE and LEKSAND series. The ARROCHAR and MISPAH 
series were deemed less suitable because of their shallow . effective 
depth. 
Samples from all profile pits were analyzed and, with the 
exception of the Weston series, the base saturation values were 
invariably between 50 and 80 percent. Clearly, the lime and fertilizer 
needs are very different to those established for 'Glenfern'. 
Substantial inputs of nitrogenous fertilizer are, however, among the 
major needs of the grey-brown soils. Furthermore, the very low inherent 
organic carbon content and low to moderate available moisture capacity 
of most of the soils make residue management and the conservation of 
organic materials important issues. 
of the soils on 'Weston'. 
Subsoiling is recommended for many 
During the mapping phase much surface erosion was noted on the 
loamy soils and appeared especially severe before a p~otective canopy was 
provided by the crop. The cropping sequence fo~ these soils was 
designed to avoid this problem. In fact, erosion hazard was a major 
factor influencing the system of farming recommended for 'Weston'. 
Use-suitability, limitations and management needs of the 'soils: A 
summary of the use-suitability, limitations and management needs of the 
soils on 'Weston' is presented in Table 62. A guide to the general 
potential of the soils for arable use is also indicated by predicted 
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yields of maize. These, however, do not necessarily imply that maize 
is recommended for all soils. 
Within the controls imposed by climate, choice of crop is 
determined by soil properties. Formulation of the cropping programme 
for 'Weston' is thus an exercise in fitting crops to soil series so as to 
comply with their conservation needs and the economic objectives of the 
plan. Maize is the most suitable crop for large-scale production on 
the deep, freely drained soils. However, short term leys of well-
fertilized E.curvula, together with efficient conservation practice and 
the return of all crop residues, are essential items for sustained crop 
production and the safe use of the land. 
Long term leys alternated with short periods of broadcast crops, 
such as Japanese millet and other sorghum varieties, are best suited to 
the poorly drained and erodible soils. Paspalum dilatatum is an obvious 
choice as the le~ although tha inclusion of Rhodes grass (Chloris gayana) 
is advocated as a means of early protection against erosion. The presence 
of clover in the sward can be beneficial but its persistence and 
production are questionable. 
A rotation of long term leys of E.curvula and short periods of 
maize are best suited to the shallow, grey-brown soils viz., ARROCHAR and 
MISPAH series. On these soils correct tillage during the cropping cycle, 
including subsoiling, is essential for maximum production and conservation. 
A similar rotation, though demanding more stringent conservation measures 
is also suitable for the well-drained sandy soils. These soils have 
been found to cause excessive wear and damage to the implements on 
'Weston'. 
Although the potential for irrigation is largely determined by the 
siting of the water supply (the Mooi River) it is also dependent on the 
availability of suitable soils. The best for ~his purpose include the 
alluvial soils and Rooikop series at the northern tip of the farm and the 
Table 62 I General charactaristics, usa-.uitability, limitation. and manageMent needa of eoil. on 'Weaton' 
So11 r"erles General characteristics Use-suitability 
(1) UPLAND SOILS 
01-2 weston Deep, red, well-drained apedal clay loam Very high potential for intensive arable use. 
deriv.d from dolerite. Considerably leached. Suitable for wide range of crops and 
irrigation. 
01-7 Bellevue Deep, red, wall-drained structured clay loam ~d.-high potantial for intansive arable use. 
derived from dolerite. ~derately leached. Suitable for maiZe, lucerne, ley crops and 
irrigetion. 
03-1 Loskop Plod. deep, red, ... d. well-drained clay loam "od.-high potential for row and ley crops. 
over soft plinthite. Similar to Weston series. 
03-2 Rooikop Similar to Loskop series but with content of Ploderate potential for arable use. Leys of 
clay and sand l5-35~ and over 5~ long duration raquired for steep slopes. 
respectivaly. 
0-4 AVALON Plod. deep, grey-brown, mod. well-drained clay High pote~tial for intensive production of 
loam to sandy clay loam. Yellow apedal B- maize, sorghums, wheat and short term lay 
horizon overlies soft plinthite. crops (e.g. E.curvula and lucerne). Suitable 
for sprinkler irrigation. 
0-66 SOUTHIoJOLO ~d. shallow, grey-brown, mod.well-drained. Plod. high potential, similar to AVALON. 
Vellow apedal B-horizon overlies sedentary C-
horizon. Gravel horizon usually present. 
£1-7 Shandon ~d. shallow, gray, poorly drained variant of Low potential for arabIa uae. Long terti ley. 
SOUTtWllO. Upper subsoil grey. (e.g. PeapelU! dilitatua) rec~ded. 
0-8 AAtioCHAA Shallow, gr.y-brown, clay 10BOl"to sandy Low-aod. pot~tial for regUla~)arable usa. 
clay lOaM, usually with gravel horizon at Long term ley. (e.g. E curvul .. ' and .hort 
6-15 inchs. depth. period of crop (e.g ... ize) .ost .uitable. 
£1-9 PlISPAH Very shallow grey-brown. Al-horizon over- Very low potential for arable use. Suiteble 
lying ahale or .end.tone. for pel'll8Oent .... rd. of E,cyrvula or Rhode. 
gr •••• 
[6-2 AlBANV Plod, deep, grey, poorly drained, clay loam Low pot.nti'8l for regular arable use. Best 
to sandy clay 10 ... Grey apedal P-horizon for long terti ley. (ft.g. P.spalu. dilitatum). 
overlie •• oft plinthita. Short periods of broadca.t crop. (e.g. Jap. 
• ill.t) permissible. 
£3-2 UKSANO ~d. deep, qrey-brown, ... d. well-drained ~d.-high potential for .rable u.e if care-
(variant) sandy loam. Yellow &p.dal B-horizon over- fully protected. PlailB, .orghuto, whaat to be 
lias reddish horizon of soft plinthite. rotated with ley. of -aderate duration 
(E,curvule and lucerne). Suitable for 
aorinkler irrioation. 
Plain limitations Special manaqement needs 
Low plant nutrient status Judicious application of lime and 
fertilizer (aspecially Pl. 
Unfavourable moisture characteristics ~isture conservation throuqh deep, 
(droughty). timeous tillage. 
Low plant nutrient otatus Judicious application of lime and 
fertilizer. 
~d. high erosion hazard unfavourable As above with intensive conservatl~n 
moisture characteristics and low practice on slopinq land. 
plant nutrient status. 
"oderate erosion hazard and unfavour- Efficient fertilization (especially 
able eurface soil characteristics. N) end tillege, residue management 
Impeded drainage at depth may affect and intensive conservation practice 
deep rooted crops. on sloping land. 
Ae above. As above. 5ubsoilinq recommended. 
Poor drainege, ... d. high erosion Intensiva conservation practice and 
hezard, unfevoureble surf.ce eoil .ubsoUing. Avoid tillage or qrazinq 
chsracteristic. and droughtine.s. when wet. 
Shallow depth and low -aisture Inten.ive 'conservation practice and 
capecity, high erosion hazard and deep tillage includinq subsoilinq. 
surrace soil limitations. 
A. .bove. Very int.n.ive conservation practice. 
Pe~nt cover r.commended. 
Poor drainage, ... d. high ero.ion Very inten.ive conservation practice, 
hazard and poor phy.ic.l sub.oiling, limited surface drainaqe, 
characteristic •• Judicious fertilization (especially 
N) • Avoid tillaqe or qrazinq when 
wet. 
High erosion haz.rd, low plant Judicious fertilization, deep tillaqe; 
nutrient status, impeded drainage at residue manaqament and intensive 
depth, low moisture capacity and conservation practice on slopinq land. 
































T eble 62 cont" 
5011 serie. Generel charcteriatic. 
(1) !!f!."'0 50 I ~ ~ 
l3-4 LONGLANOS "ad. deep, grey, poorly drainad sandy loam. 
Grey apedal P-horizon overlies 80ft 
pUnthite. Sandy variant of ALBANY. 
[S-l GL[NCO( Simil.r to AVALON but yellow apedal B-
horizon overliea hard plinthite (Ouklip). 
[S-3 WARRICK "ad. deep, gray, poorly drained, clay loam 
to aandy clay loam. Grey apedel P-horizon 
overlies hard plinthite. Occurs in lowar 
slopa position or local depressions. 
[5-4 WASB&.NK "ad. deep, grey, poorly drained sandy loam. 
-. Sandy 'variant of WARRICK. 
[S-6 KLlPfOfH£l N Mod.-shallow to 8hallow, gray, poorly 
drainad, clay loam to sandy clay loam. A-
horizon overli.s hard plinthite (ouklip). 
(2) BOTTO~ANO SOILS 
Hl-l KILLARN(Y Very poorly drained hydromorphic 80il. 
pH of gl.yed Cg-horizon is over 7.0. 
Periodically submerged. 
Ll-l Alluvium Poorly drained, clayey soils occur in 
(clayey) 'backawaonpa' • 
Ll-2 Alluvium I'Iod. well-clrained, loan,y aoila. 
(1o ... y) 
I 
Ll-3 Alluvium Wall-clrained to exceaaively drained, aandy 
C.andy) .oil. lie edjacant to tha river. 
U.e-suitebility ""in U .. it.tion. 
Low potential for arable use. Long term leys Poor drainage, high erosion hazard 
(e.g. Paspalum dilitatum) recommended. and low plant nutrient status. 
"ad. potential for arable use. ""'iza .nd ley Similar to AVALON but impeded 
cropa (e.g. E.curvula) suitable. drainage more aevere. 
Low potential for arable uae. Perm.nent Poor dreinage, mod.-high erosion 
swards (e.g. Paspalum dilitatum) recommended. hazard .nd poor physical 
charactariatics. 
Very low potential for arable use. Permanant Very poor drainage and high eroaion 
swarda (e.g. Paapalum dilitatum) recommended. hazard. 
As above. Poor drainaga, shallow depth and poor 
physical chracteristics. 
To ramain under permanent paeture sward. High erosion hazard if incorrectly 
(a.g. Paapalum tpp. and clover) preferebly drained. Poor dr.in.ge and 
under irrig.tion. Suitable for poplar. mechanical li .. itations. 
Aa above. Periodic flooding, poor drainege, 
-.chanical liMitetiona and .ilt 
depo.ition on rorage crop •• 
High potential for er.ble u ... Suitable for Periodic flooding and alight illlpaded 
irrigation. Rec~dad for intenaiva drainage. 
production of mi,.ed pa.turea, lucema and 
popl.r. 
1'1013. to high potential for .rabl~ u ... Periodic flooding and low OIOietur. 
Suitable for lucerne and popler. cepacity. 
-
Yield rating. VH - Very high, H - High, "- "oderete, L - Low, VL - Very low 
Speci.l m.n.g .... nt needs 
. 
Very intenaive conservation practice . 
Si~ilar to AVALON. 
Vary intensive co~sarvation practice, 
limited surface drainage and Judicio~5 
fertilization (especially N). Avoid 
till.ga or grezing when wet. 
Very intensive conservation practice 
and limited surface drainage. 
Pe~t cover rec08O\8nded. 
Permanent swards preferable. Surface 
drain.ge and subaoiling racommended 
where fe.sible. 
Intensive conservation and land 
illlprovement techniques (e.g. ridge 
and furrow) to effect illlproved 
drain .... 
Surfece dreinage (e.g. ridge and 
furrow) and a.fe dispoaal of flood 
water. 
Protection durino flood pariod and 
.surface drainage. 
S.fe depoait of flood water. 
Ybl" 
I 
predictlo n i 
for :;:ize I 
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AVALON and Bellevue series near the farm buildings. However, these 
soils differ markedly in the permissible rate and frequency of 
application and the period required after irrigation before the " pasture 
can be re-grazed . 
The droughty soil climate of many of the soils prevents the 
successful production of clover under rainfed conditions. However, 
lucerne holds considerable promise as a source of high quality roughage. 
It is predicted, therefore, that lucerne will eventually play an 
important role on the well-drained soils provided sufficient attention is 
given to correct fertilization and cultural practices (Graven, 1963). 
Unfavourable surface characteristics of the El-association soils 
(Ghapter 3), are among the most important limitations. Together with 
poor drainage, they influence tillage needs profoundly, especially those 
related to weed control. Soils with such limitations, especially 
'puddling', are best suited to long periods under ley and broadcast 
silage crops. Zero grazing may also be used to avoid excessive 
compaction. Pig weed (Amaranthus spp.) is a problem on almost every 
, 
grey-brown cultivated sorl. on the farm. 
2) 
. 
The land capability classification and the basic conservation 
) 
layout 
The land capability classification and soil resources are 
indicated on Map 14. A summary of the capability classification. is 
presented in Table 63. 
The low potential of the farm for intensive arable use is clearly 
indicated by the capability classification. Only 10 percent of the 
arable area is classified as Class II l&nd and over 55 percent as Class 
IV. A semi-intensive system of farming is thus indicated. 
Classes V and VI tend to separate the steep areas predominated by 
El-association soils from the rocky outqr.ops clh;aracteristic of Dl-association 
soils. This : se'par~tion is important for the subdivision and management of 
the natural vela. Although Class. V land i s suitable for veld reinforce-
ment,techniques have yet to be perfected . for the partially leached soils. 
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Table 63 Land capability classification for 'Weston' 
Landscape Capability Capability Extent 
position division class . (acres) 
I - • , 
II 116 




Non-arable VI 673 
Protected VII 67-
Arable Ib lli 
Bottomlands Non-arable Vb 21 
Protected VIIb 36 
Miscellaneous 168 
Total. 2500 , 
Local depressions on the farm, though not typically bottomlands, 
are included in Class Vllb since they form the natural drainage ways for 
the uplands and, as such, have very high erosion hazard. They are best 
left under natur'al vegetat~on and totally protected. 
The basic conservation layout is shown on Map 15 and reflects the 
ultimate layout including arable areas that, for a time, will remain 
under natural veld. ~ To some extent the layout is influenced by existing 
improvements. Some areas (e.g. C20) are also to be withdrawn from 
regular arable use because of unfavourable soil features. The map 
indicates necessary subdivisions and the general layout of conservation 
works. However, details of extensions to existing stockwatering schemes 
or the sites (outcrops of rock or shallow soils) on which feeding pens 
and similar structures should be constructed are not indicated. The 
permanent kikuyu camps (CB, C9, CIO, C13 and C22) are proposed because of 
their convenience to the dairy and farm buildings. 
3) The production plan 
Assessment of all relevant factors, especially the edaphic and 
rainfall conditions, suggests the need for a semi-intensive farming 
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system with beef and sheep as the main lines. The plan envisages the 
retention of all the existing enterprizes, most of which are to be 
expanded. 
Afforestation was not considered a suitable proposition for 
Classes V and VI although Hubbard (1965) reported favourably on stands 
of Pinus roxburghii and Pinus patula on 'Weston'. Hbwever, he considered 
the rate of growth too slow for a commercial undertaking. Despite this : 
there is ample scope for woodlots and shelter belts which in time could 
provide a valuable source of timber. Certain of the bottomland soils are 
suitable for the production of poplar as an alternative to pastures. 
The proposed plan for 'Weston' is considerably influenced by its 
geographic layout . The northern or peninsular area, although suited to 
intensification, is situated too far from the main administrative centre 
for imm~diate development. It is, therefore, to be run as a separate 
'unit producing luc~~ne and fat lambs. The production of crops for winter 
grazing will be confined to the irrigable areas. 
Livestock enterprize: Planning the size of the livestock enterprize 
is based primarily on making maximum utilization of the natural veld and 
the prescribed ley crops. A dairy unit of 50 cows in milk (90 mlu) is 
planned to meet the needs of the school and because of the c~ose proximity 
of the fresh milk market. This unit will utilize the areas adjacent to 
the farm buildings including 37 acres of irrigated land (L13 and L14) that 
will supply the. winter grazing requirements. 
Initially, the sheep unit will comprise 155 mlu including 450 ewes. 
Because of the availability of high quality roughage (e.g. lucerne) and 
irrigated pasture the unit is to produce fat lambs. Once all the 
available arable land is developed a second unit of 150 mlu could be 
introduced either as hamels or a second ewe flock. 
With a beef sheep ratio of 1:1 the beef unit will also comprise 
155 mlu, including 100 Hereford breeding cows. The plan envisages the 
sale of weaners although these may be kept, fattened and sold as tollies 
(van Wyk, 1967b). In this case, allowance will have to be made for an 
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additional 85 mlu to be carried on the farm. Once the farm has reached 
maximum development, the beef unit could also be increased by approxi-
mately 100 mlu . The beef will utilize the veld and long term leys in 
summer and will receive hay and silage in winter. 
The small existing pig unit (13 sows) is to be retained. 
Table 64 provides a general guide to the winter feed requirements 
of each livestock enterprize once the farm is fully developed. The 
needs of the hamel flock (150 mlu) and the tollies (85 mlu) to be 
fattened are also included. 
Table 64 Winter feed requirements of livestock on 'Weston' 
Irrigated Silage 
Hay (tons) 
Enterprize pasture (tons) (acres) Lucerne E.curvula 
Dairy (90 mlu) 37 267 32 57 
Sheep (305 mlu) 47 640 97 216 
Beef (340 mlu) - 1178 23 454 
Total 84 1985 152 727 
To determine the feed requirements winter rations were computed 
using Morrisons standards (Morrison, 1959). However, many alternative 
rations and methods are possible. For example, a daily allowance of t 
Ib lUcerne hay per sheep was planned, whereas Barnard and Kotze (1963) 
recomme~ded approximately 1 Ib per head per day to be fed twice weekly at 
3 - 5 lb per sheep per feeding. Details of this nature are not taken 
into account in presenting the basic plan. 
Yield estimates of natural veld, pastures and leys enable the 
summer requirements to be calculated. Those of the dairy unit are 55 
acres of kikuyu and 35 acres of long term leys while those of the sheep 
unit are 163 acres of long term leys and 372 acres of natural veld. The 
beef herd requires approximately 219 acres of long term leys and the 
remainder of the natural veld (483 acres). 
An amount of 1644 bags of maize is required annually by the dairy, 
sheep and pig units. 
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Cropping programme and allocation of land: The cropping programme is 
planned to meet the livestock requirements and to produce a limited 
amount of cash crop. Using conservative yield estimates it is 
calculated that, over and above the livestock needs, an additional 100 
acres of maize and 70 acres of lUcerne rotated with 15 acres of potatoes 
could be grown. 
The soils of highest potential on the farm (Weston, Bellevue, 
Loskop, AVALON and SOUTHWOLD), comprising a total of 280 acres (lands 
11, 16, 19, 21, 28, 29 and 32), are to be cropped fairly intensively with 
a rotation of 6 years maize - 4 years E.curvula. Of the 168 acres 
available for maize grain, 80 acres will meet the livestock needs, the 
balance will be cash crop. This system assumes optimum fertilization 
and the return of all sto~er. 
Poorly drained . soils of limited potential are to be used for long 
term leys (6 years) of Paspalum dilatatum, Rhodes grass and ladino clover 
in rotation with short periods (up to 3 years) of broadcast silage crops 
such as Japanese millet. Since the drainage problem is least in autumn 
and winter, the millet could be followed by roots or other fodder 
required by the sheep. This area of land (lands 3, 10, 15, 17, 20, 22 
and 23) could supply approximately 80 acres of silage and 150 acres of 
summer grazing. 
The shallow, moderately well-drained soils comprising 156 acres 
(lands 7, 12, 18, 25 and 30) are to be used for a 2 year maize - 4 year 
E.curvula rotation. Of the 50 acres of maize, 20 acres will provide the 
silage needs of the dairy unit and the balance will be sold as grain. 
A total of approximately 200 acres of E.curvula . is planned which, 
at 4 tons hay per acre, will comfortably meet the livestock needs. 
The programme for the remainder of the arable area is: 
Land 9 (40 acres) 
Lands 13 and 14 (37 acres) 
Lands 1 and 2 (84 acres) 
Land 4 (34 acres) 
dryland lu'cerne for livestock needs; 
irrigated ryegrass and clover pastures 
for the dairy unit (winter grazing); 
new irrigation block for lucerne; 
irrigated winter pasture for ewes and 
lambs and silage in summer; 
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Lands 5, 6 and 34 (45 acres) summer pasture; 
Lands 33 (16 acres) - permanent summer pasture. 
Potatoes (12 to 15 acres) followed by irrigated ryegrass for ewes 
and lambs could be grown on lands 1 and 2 if the lucerne is to be re-
established every 6 to 7 years. However, the dangers of potato scab 
disease (Actinomyces scabies) and eelworm should not be overlooked. 
Veld, veld reinforcement and permanent pasture: In the final plan 
there will be a total of 855 acres of veld subd~vided into a minimum of 
15 main camps for summer grazing . Veld reinforcement and possibly veld 
fertilization should first be tried on a small scale, preferably on the 
better drained soils in camps C5 or C23. Steps should, however, be 
taken to prevent erosion fo.llowing soil disturbance. The permanent 
pastures will include the kikuyu camps (camps 8, 9, 10, 13 and 22) and 
the area to be withdrawn from cultivation (camps 6, 17, 18, 20 and 28). 
The latter are best suited to Paspalum dilatatum and Rhodes grass • 
. . 
Conservation practices: Intensive conservation practices, mechanical 
and biological, are required for the majority of soils as indicated by 
the high percentage of Class IV land. The plan envisages the fencing 
off of all Class VIIb land and reclamation of the existing donga in C27. 
Wildlife conservation should also receive attention. The long river 
frontage provides a suitable .habitat for many species of water fowl and 
provides many areas for recreation. The river itself provides good 
fishing. The recent introduction of el~nd (Taurotragus oryx) onto the 
farm affords the opportunity of studying the suitability of the area for 
game species of this kind. Other forms of ' wildlife such as guinea fowl 
are already well established on the farm. 
Economic considerations: No attempt has been made to present a budget 
for 'Weston'. However, the expected results were calculated using 
standards obtained from the Mooi River farmers study group and show that 
the plan is economically sound. A total of over 300 acres of land of 
moderate to high potential is available for the production of maize. 
Although estimated yields for the various soils are indicated in Table 62 
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it should be noted that during the f966/67 seaso~ yields of over 25 bags 
of grain per acre were accurately measured on " Weston' (Scotney & Wiseman, 
1967). It is confidently expected that higher yield horizons will be 
established with improved fertilization (especially N) and tillage and 
efficient agronomic practice. Study group records indicate an average 
gross margin for maize grain of approximately R50 per acre which is well 
within the potential for 'Weston'. 
From an economic point of view, the lucerne enterprize will 
require careful investigation. On the basis of a study conducted by 
Wood (1965) in the Colenso district, the initial returns can be expected 
to be poor. These may, however, increase to a maximum of 13 percent on 
capital after the sixth season. Woods's calculations were, however, based 
on flood irrigation whereas sprinkler irrigation is to be used on 'Weston'. 
4) Implementation 
The plan envisages a gradual expansion of all the existing 
enterprizes. Adjustment of the cropping programme to fit the soil 
resources is the first essential in the priority sequence. This should 
be closely followed by the application of a sound system of veld 
management. The laytiut of all arable fields and grazing camps, including 
the necessary conservation works, is also placed hlgh in the priority 
sequence. Extension of the existing irrigation scheme for the dairy unit 
and the development of the peninsular area, including a pilot trial of 
lucerne, should also receive early attention. The rate of expansion of 
the beef and sheep units should be dictated by the progress of the cropping 
programme. The development of the 'new' arable areas should be 
considered only once the production from all existing areas has reached 
an optimum level. 
330 
3) , R 0 SED ENE ' 
'Rosedene' is situated in ecological area 2b three miles from 
Merrivale. It is 301 acres in extent and is of below average size for 
the Area. At present, a dairy unit with 50 cows in milk is the only 
enterprize on the farm. The intensity of land use in the present 
organization is generally low. In this discussion only the salient 
features ' of the proposed plan and an outline of the soil resources and 
land capability classification are given. 
1) Soils and the land capability classification 
The 1:50,000 soil map of the Area provided a remarkably clear 
indication of the distribution of soils on the farm. These consisted 
mainly of Dl-, El- and HI-association soils. The detailed investigation 
revealed that the SHORTLANDS and ARROCHAR series were commonest. 
Although the presence of the SHORTLANDS series was confirmed by 
analytical data, identification of the RICHMOND series would have been in 
keeping with local environmental conditions. It is probable that the 
S-values of most red, structured soils on the farm- are generall y close to 
the 5.0 me% limit so that the presence of both series is likely. The 
upland soils were also found to be very much heavier than those on 
'Weston'. The distribution of the soil resources and the qapability 
classification are shown on Map 16. Several features of the classific-
ation are especially noteworthy. - Approximately 60 percent of the farm 
comprises arable classes although, as _ a result of steep slopes (group C), 
Class III land predominates. The gently sloping phase of the ARROCHAR 
series is upgraded because of its heavy texture and relatively low erosion 
hazard. These soils also occur on the crest of the main ridge passing 
through t~e farm and, as such, are not subject to run-off normally 
expected from surrounding slopes. Unlike the other far~s, an area of 
Class I land is located on 'Rosedene'. This comprises the level phase Qf 
the SHORTLANDS series and ia suitable for continuous arable use if wisely 
managed. 
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2) Basic conservation layout 
The basic conservation layout is ~iven on Map 17 which shows the 
location of fences and the proposed contour layout for the arable area 
including the important waterways . The main area for arable 
production is situated to the north of the road passing through the 
farm. Strip cropping with maize and E.curvula and contour drains are 
the main conservation measures planned for this area. Access roads will 
be sited on the contour. Although the proposed stockwatering require-
ments are not indicated on the map, these will be extended to strategic 
points on the farm. Distribution of existing supplies is poor. Since 
efficient and safe utilization of the bottomlands is dependent on the 
availability of irrigation, the ernlargement of the existing dam in L27 or 
the construction of a further dam in the same vicinity is suggested. 
3) The production plan 
An intensive system of farming with dairy (fresh milk) as the main 
line is planned since the percentage of arable land is high, the main 
soils are suited for intensive arable use, the fresh milk market is close 
at hand and the farmer favours this type of farming. Large-scale cash 
cropping is not intended since hail occurs regularly during the summer 
months. For this reason, cultivated pastures are to playa major role 
in the plan. These will also make good the shortfall in summer grazing 
experineced under the present organization . 
The plan envisages a dairy unit and a pig enterprize. The dairy 
unit will be restricted to 80 cows in milk until the resources of capital 
and labour have in~reased. Development of the dairy unit should take 
precedence over that of the pig enterprize. Eventually the dairying 
, 
unit could reach a total of 174 mlu with 100 cows in milk. 
The cropping programme is planned on the ' basis of the soil 
resources and is to meet the needs of the dai~y unit. The winter 
requirements include 550 tons silage, 200 tons hay and 30 acres of 
irrigated pasture. The summer needs will be produced from 60 acres 
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kikuyu, 60 acres Paspalum dilatatum and clover and the available natural 
natural veld (55 acres) . 
The allocation of land according to the capability classification 
i s outlined . 
Arable classes: The plan provides for:-
(a) Class 1 land (L14) to be used for continuous maize with the 
return of all stover, .together with the manure from the dairy and piggery; 
(b) a 6 year maize - 4 year E.curvula rotation on Class II land 
(lands 2, 5 and 11) to provide maize grain (5 acres), silage (15 acres) 
and hay (12 acr~s). In this case emphasis is placed on judicious 
fertilization since the proposed rotation is largely one of nutrient 
'removal'; 
(c) a maize - hay rotation in Class III land (lands 3 and 4) 
comprising the SHORTLANDS series. This rotation will produce the 
balance of the E.curvula (28 acres) and maize grain requirements; 
(d) Class III and Class IV land (lands 1, 6, 11, 12, 13 and 24) 
comprising shallow, poorly drained soils and the steep slopes of SHORTLANDS 
series (lands 1 and 6), to be planted to Paspalum dilatatum and clover for 
summer grazing. Re-establishment of 10 acres each year permits a silage 
crop (e.g. Japanese millet) to be grown; and 
. 
(e) other arable land (camps 7, 8, 9, 10, 16, 17, 18 and 19) to 
be planted to permanent kikuyu pastures for summer grazing, especially for 
the cows in milk. 
Non-arable Classes: Provision is made for:-
(a) the natural veld to be replaced by kikuyu on Class V land 
(camps 21, 22, 23 and 24) and will be grazed by the dry £ows; 
(b) Class VI land o~ t~e steep and rocky land (camps 20 and 25) 
to remain as natural veld for grazing by young stock and other followers 
in summer. Should the dairy unit not expand to its maximum this land 
could be planted to Pinus patula or hand-planted to kikuyu; 
(c) the potentially irrigable Class Vb land (lands 26, 27 and 29) 
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to be established to a permanent tall fescue-clover pasture. Periodic 
re-establishment of strips across the 'vlei' will permit production of 
approximately 5 acres of ryegrass annually for the cows in milk. In 
this instance, a system of 'zero' grazing will have to be considered. 
This pasture will also provide a silage crop in summer. Should the 
supply of water for irrigation prove inadequate it is suggested that a 
Paspalum-clover pasture replace the fescue. 
The economic aspects of the plan were investigated using standards 
from the Howick farmers study group. The results of these calculations 
show that the plan is economically sound. The main features demanding 
priority when the plan is implemented include adequate provision of 
summer grazing, the intensification of the cropping enterprize and the 
development of the irrigation facilities. 
;8.5 Discussion 
This discussion is restricted to the detailed soil investigations 
and the land capability classification. The 1:50,000 soil map of the 
Area proved to be of considerable value in determining the soil resources 
on each farm and their approximate location. It was, however, no 
substitute for detailed soil mapping. The importance of the soil factor 
in determining land-use practice was clearly demonstrated in the planning 
of 'Weston'. The study showed clearly that soil survey procedures in 
farm planning will have greatest appeal in landscapes characterized by 
partially leached' soils. Here the productive capacity and safe-use of 
the land are determined mainly by 'physical' soil criteria. 
The accurate petermination of textural classes, especially among 
the clayey, highly leached soils often proved difficult. Considerable 
field experience ts thus needed for proficiency. It is also clear that 
much importance should be attached to the te~ture of the surface soil 
because of its relation to erodibility. The scoring technique suggested 
by Loxton (1962a) for the evaluation of permeability proved reliable but 
time-consuming. The immense value of systematic survey preceding the 
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farm planning exercise is thus stressed since much time can be saved by 
simply identifying the particular soil series or phase. Identification 
of individual 'diagnostic horizons' also proved advantageous since many 
of these are directly related to land-use practice. 
The proposed land capability classification proved to be of 
considerable value in providing an overall appreciation of available 
potential, severity of limitations and the degree of possible 
intensification on the farms. The planning of both conservation and 
economic aspects were thus placed on a sound footing. The classification 
is likely to be of greatest value. in areas where physical soil limitations 
determine land-use decisions and where the level of applied technology is 
low. It is suggested, however, that interpretations made on the basis 
of individual mapping units will, in the long run, contribute most to the 
conservation effort. The classification requires further trial and 
refinement, and the support of much research. Knowledge of rainfall-
erosion losses and the productive potential of soils is most needed. It 
would also be advantageous to define more specifically the criteria for 
determining capability classes. Despite this, the latitude ·permitted 
by the classification was of considerable benefit. 
The classification should also be tested, and if necessary 
modified, in the extensive farming regions where emphasis is on natural 
vegetation. Although planning in these parts is generally based on the 
type and condition of the vegetation, the procedures should also include 
a study of soils. Grouping soils into 'range sites' on the basis of 
their similarity in characteristics affecting their capacity for producing 
veld plants should be seriously considered. 
Thorough knowledge and understanding of the soil series and their 
definition are prerequisites for applying the classification. In some 
cases, especially in the drier landscapes, the classification is possibly 
over-conservative because of low soil ratings. Although the slope groups 
are generally satisfactory, further subdivision of group B may be 
justifi~d where erosion hazard is of prime concern. The two upland non~ 
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arable classes (Classes V and VI) are particularly useful and, in most 
instances, tend to separate doleritic soils from those of shale origin. 
The capability classification also provides a sound basis for drawing up 
the 'basic conservation layout'. Whatever course farm planning is to 
take in the future, the basic conservation layout is seen as an essential 
step in the planning procedure. In effect it represents a 'mid-point' 
between physical and production planning. 
The need for systematic procedures in farm planning, including 
detailed soil investigations, cannot be over-stressed. Although the 
suggested procedure is easily followed it is time-consuming. On an 
average, the length of time required to map the arable classes was 
between 0.75 and 1.5 days per 200 acres and depended on the complexity 
of the soil pattern. The writer contends, however, that this is time 
well spent if it results in efficient planning. The average time taken 
for each profile description and each augering, together with notes and 
including transportation between sites, was approximately 30 and 5 
minutes respectively. Merely identifying soil series would, of course, 
reduce these values considerably. Because of the time factor it is 
imperative that planning of this nature should be conducted on a strict 
priority basis with the well-motivated cases enjoying preference. 
If the suggested procedures are to be applied in the Area it is 
essential that an educational programme be initiated to convey all 
availa~le soil data (Chapter 3) to the farming community. Likewise, 
officers concerned with the planning will require in~service training so 
as to become proficient in soil identification and the planning 
techniqu~s. In this respect, stereoscopic interpretation warrants 
special Bmphasis since relatively few officers are able to make maximum 
use of this valuable aid. The need to improve the quality and scale of 
aerial photographs is considerable. The available coverage at 1:36,000 
is totally unsuitable for detailed planning and should be of the order 
of at least 1 :10,000. 
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Detailed farm planning should initially form part of the 
extension programme for the Area. Here, the planning of a number of 
carefully selected farms should form the main objective. The farms 
should cover a wide range of soils and other natural factors,and so 
afford field and research officers the opportunity of determining the 
most suitable land-use practices for each of the main ecological areas. 
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SUMMARY 
Ever-increasing pressure on limited agricultural resources demands 
land-use planning of the highest calibre. A reliable inventory of soils 
is required if the goal of "treating each acre according to its needs and 
capability" is to be achieved. Not only is land of high potential a 
limited commodity, but soil itself is a non-renewable resource. 
As a result of the wide range in soil forming factors, 
soil series exhibiting very different morphological, chemical 
over 60 \ 
and physical J 
properties occur in the Howick Extension Area. Classification brings 
order to the study of the soil populations, often too heterogeneous to 
comprehend, and enables full use to be made of the growing body of 
scientific knowledge. A soil survey, presented in map form, shows the 
overriding influence of climate as a factor of soil formation and permits 
characterization of landscapes in terms of degree of leaching. Highly 
leached soils have very favourable physical characteristics but are 
extremely acid and low in plant nutrients. The converse holds for 
partially leached soils. Forests retard the leaching process. 
Issues important for planning agricultural development are exposed 
by a study of soil distribution. For example, highly leached soils 
occupy over 70 percent of the Area - approximately 70 percent of this 
group comprise soils (Bl-association) known for their complex fertility 
problems. Bottomlands comprising highly erodible margalitic and claypan 
soils occupy as much as 20 percent of landscapes in the drier parts . 
Over 90 percent of these are severely eroded. Thus, the value of soil 
knowledge in agricultural extension and research is great . 
Studies of ionic equilibria endorse the validity of the series 
concept. The K and lime status of individual soil series are 
characterized in terms of lime potential, quantity-intensity (Q/I) 
relations and energies of exchange. A study of selected farm fields 
reveals exploitation by current farming practice. 
Continued increase in fertilizer use creates a demand for 
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information on the nutrient status of soils and the necessary corrective 
treatment . Pot experimentation indicates that P-fixation and Al 
toxicity are serious problems in the majority of highly leached soils . 
Liming is found to offset the effects of Al toxicity and although the p-
requirement is exceptionally high on these soils, much benefit results 
from band placement of the fertilizer. 
On the basis of soil moisture characteristics and other physical 
properties (e.g . bulk density and porosity), highly leached soils differ 
markedly from partially leached soils . Particularly favourable moisture 
characteri stics, often exceeding 2 inches/ft total available moisture 
(TAM), are associated with soils such as those of the FARMHILL, GRIFFIN 
and HUTTON series . Such data are used to assess and rate the moisture 
capacity of a wide range of soils. 
For practical reasons soil survey data require interpretation and, 
provided the objective is clearly defined, soils may be grouped for many 
purposes. Predicti ons about soil behaviour are thus possible . With 
the lack of accurate soil-crop data physical criteria, especially erosion 
hazard and moisture characteristics . are used to rate and group soils for 
several purposes . Yield prediction, agricwltural engineering, 
conservation, use-suitability and the management needs of soils are all 
important for land-use planning. Soil knowledge also permits the 
selection of 'bench mark ' soils for research purposes. Acceptance of 
soil knowledge by the farming community requires the adoption of a 
carefully planned educational programme. 
Sound land-use planning is ensured by careful assessment of the 
agricultural potential of the Area which requires cognisance of all 
natural characteristics. Furthermore, much is learnt from practices in 
current use and the successes and failures of past endeavour . Climate 
is clearly the most important determinant of agricultural potential. An 
environmental potential index (EPI) based on moisture, heat and rainfall 
reliability provides a promising means for assessing the controls imposed 
by climate. 
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Eight ecological areas are defined after consideration of the 
interrelationships between all natural factors. These are used to 
classify land in terms of use-capability and for recommending land-use 
practices. A master plan for each ecological area is suggested and the 
essential items for inclusion in the extension programme are indicated. 
Management of the important 'vlei' areas and afforestation are items 
receiving special consideration. 
Land capability classification is the best means for protecting 
our most valuable resource (productive land) and enables rational 
land-use decisions to be made. Study of several methods in current use 
led to a proposed system for the Area. The system, based on systematic 
soil survey, is tested by planning three selected farms in detail. 
Although there is need for refinement the results are encouraging. The 
detailed planning exercise affords opportunity for presenting basic 
principles and suggesting systematic farm planning procedures, including 
both detailed soil investigation and economic analysis. Safe and 
correct land use requires the adoption of a pedological approach to farm 
planning and immediate in-service training. In general, the study 
reveals that the soil series concept is not only sound but provides a 
logical basis for planning land use. 
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